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BACKGROUND OF THE INVENTION 
Lancing devices are inovm in the medical health-care products indu^ for 
piercing the skin to p«>duce blood for analysis. TjpicaUy, a drop of blood for this type 
of analysis is obtained by making a small incision in the fingertip, creating a small 

woimd, which generates a small blood droplet on the smface of the sha 

Early methods-oflancingincluded piercing or slicing the skin with aneedle or 

razor. Curr^it methods utilize lancing devices that.contain a multitude of spring cam 
and mass actuators to drive the lancet. These include cantilever springs, diaphra^s 
coil spxmgs. as well as gravity plumbs used to drive the lancet The device may be held 
agamst the skin and mechanically triggered to ballistically lamich the lancet 
Unfortmiately. the pain associated with each lancing event using known technology 
discourages patients fiom testing, to addition to vibr^ory stimulation of the sbn as the 
dnver impacts the end of a launcher stop, known spring based devices have the 
possibility of firing lancets that hannonically pscillate against the patient tissue, causing 
multiple strikes due to lecoil. This recoil and multiple strikes of the lancet is one major 
mipediment to patient compliance with a structured glucose monitoring reghne. 

In addition to the pain associated with known devices, depth control has also 
been an issue. In some applications it is desirable to reach certain depths either for fluid 
samphng or for drug delivenr. Known devices stand to be improved upon for more 
accurate depth control to repeatably reach desired depths in hmnan tissue 
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SUMMARY OF THE INVENTION 
Thepresent invention provides sohitions for at least someof the drawbacks 
discussed above. Specifically, some embodiments ofthe present invention p:x>vide a 
multiple injection device for delivering material into the body. Tto invention may use a 
30 high density desigu. Reinvention may provide an indicator of the point of impact of a 
lancet or penetrating member Used to sample fluid from tissue. At least some of these 
and other objectives described herein will be met by embodiments ofthe present 
invention. 
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Id one aspect the preheat invention provides a device for use for fluid delivery. 

■ • 

The device comprises a cartridge having a pluraKty of cavities and a plurality of 
penetrating members. The plurality of penetrating members are each at least partially 
contained in cavities of the cartridge wherem the penetrating mOTibers are slidably 
5 movable to extend outward firom openings on said cartridge to penetrate tissue. Each of 

• „ ■ • 

the penetrating membisrs comprises a needle with a lumen coupled to a cam 
containing a material to be injected. 

In one aspect of the present invention, the inventiori relates to using the electronic 
tissue penetration device to drive a needle into flie skin to a predetennined depth to 

* ■ • 

10 obtain a body fluid sample through the needle. 

In one embodiment, a device for body fluid sampling usable with a cartridge 
housing aplurality of penetrating members is provided. The device comprises a 
housing; a penetrating member driver coupled to said housing and for use with said 
cartridge; a processor for controlling said penetrating member driver to move at least one 
15 of said penetrating members at velocities Which conform with a selectable velocity 
profile; where the penetrating member comprises a patent needle having a plunger 
movable to draw fluid into the needle. 

The system may further conoprise means for coupling the force generator with 

one of the penetrating members. 

20 The system may fiirdier coinprise a penetrating naember sensor positioned to 

monitor a penetrating member coupled to the force generator, the penetrating member 
sensor configured to provide information relative to a depth of penetration of a 
penetrating member througih a skin surface. 

In some embodiments, the depth of penetration may be about 100 to 2500 

25 microns. The depth of penetration may be about 500 to 750 microns. The depth of 
penetration may be, in fliis nonlimiting example, no more than about 1 000 microns 
beyond a stratum comeum thickness of a skin surface. The depth of penetration may be 
no more than about 500 microns beyond a stratum comeum thickness of a sidn surface. 
The depth o/penetration may be no inore than about 300 microns beyond a stratum 

■ * 

30 comeum thickness of a skin surface. In some embodiments, the depth of penetration 
may be less than a sum of a stratum comeum thickness of a skin surface and 400 
microns. 
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partially curved path into the tissue. . ai^ng an at Jeast 

nie driver may be a voice coil drive force gen^tor. 
The drivermay be a xptaiy voice coil drive force generator 

The penetrating member sensormay be coupled to a processor with. ^, 
"istructionsforthepenetratingmemberdriver. - • ^''^^'^^th control 

^Ilaeprocessormayincludean^emoryforstorageaadretrievalofasetof 
penetrat.gn,e.berpn,iUesutilized^.hthepenetrating.e.ber 

n^eprocessormay be utilized to monitor position and speed of a penetrating 
mcmberasthepenetratingniembermovesinafirstdirection Z^^*"*"^ 

^^P----»aybeutilizedtoadjustanappIicationofforcetoapenetrati„ 
--''-toachieveadesiMspeedofthepenetratingmember 

lleprocessor may be utilized to adjust an application offeree to anen^.- 

..emberwhenthepenetratingmemb.contaotsatargetWso^^^^^^ 
n.emberpeneh.testhetargetW.ithinadesiredra„geofspeed ' 

. ^^^^-^-^aybentilizedtomonitorpositionandspeedofapenetratin 
^ 7^;-P-tratingmembermovesintheiir..Vect^^^^^^^^ 

wh^theapphoationofalaunchingforcetothepenetratingmemberisllr 
based on position and speed ofthe penetrating member. 

'^^P-'^-^-aybeutilizedtocontrolawithdrawforcetothepenetratm^ 
^^b^^^..epene..ngmember 
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In the first direction the penetrating manber may move tow«rH *k » 
a speed that i,greater than a speed at .hich the penet.!™ mo ^ 
3Q the tai^et tissue. °^^°g "member moves away from 

^ ^"'P''^°^"P^»^'^«ti°g««n>berinthefi,stdirectionmavbether« . 
about 2.0 to 10.0m/sec. "on may be the range of 
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The average velodty Of the penetrating member during a tissue pe^^^^ 

in the first direction niay be about 100 to about 1000 times greater th^ 
velodty of the penfetrating member during a ^thdra^vd stroke in a se^^^^ 

A further understanding of thenature arid advantages of the invention wiU 

; becomeapparentbyreferencetotheremainingportiomofthesp^^^^ 
drawings- 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figorelisaperspectiveviewinustratingasy5tem.accordingtoanembodm^ 

D for use in piercing skin to obtain a blood sample; 

Figure2 is apian view of aportion of arepUiceablepenetratingmember cartndge 

forming part of thesystem; 

Figure 3 is a cross-sectional end view on 3-3 in Figure 2; 
Figure 4 is a cross-sectional end View on 4-4 in Figure 2; 
15 FigureSisaperspectiveviewofanapparatusfornungpartofthesystem^^ 

used for manipulating components of the cartridge, illustrating pivoting of a penetrating 
member accelerator in a downward direction 

Figure 6A is a view sinrilar to Figure 5. iUustrating how the cartridge is rotated or 

advanced; 

20 Figure 6B is a cross-sectional side view iUustrating how the penetrating member 

accelerator aUows for the cartridge to be advanced; 

Figure 7A and 7B. are views sfanilar to Figures 6A and 6B, respectively, . 

iUustrating pivoting of the penetrating member accelerator in an opposite direction to 
engage with a select one of the penetrating membe^cs in the cartridge; 
25 Figures 8A and 8B are views sinrilar to Figures 7A and 7B, respectively. 

■ iUustrating how fte penetrating member accelerator moves the selected penetrating 

member to pierce skin; 

Figures 9A and 9B are views similar to Figures 8A and 8B, respectively, 
iUustrating how the penetrating member accelerator returns the penetrating member to its 

30 original position; 

Figure lOis ablock diagram iUustrating, functional components of the apparatus; 

and 
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one 



Figure 13 is a cross-sectional view of m^mi^^^' *t. - 

Hg»« 14 fa aa<«««fl»„al view ilhstafi,, , , 
one peiielrali»gmHnl>erc<Mlart surface. "MgWPlisdto 

P»oeU».g :„eoa»r c^UK. ^riace wMd. increaa«, fflcBo, a.d fte 

«-o.-p,oce„Uc,a^be,„ea,,hep«^tog„.„,b«aad«.pe„«^ 

contact surface- ^'^"^"-^ung member 

'''^'*''*^»P«^»''fapene«„g„e„tocartridg.haA,ga„ 
im»lar<OTfigiiraaonwilhaphliaBlyofradiallv«rt™.^ 5 "Wngan 

Figure ITi. a. de«i™,, View i„ ,,„gi^a^ ^ 



mvention. 



ba. ''""^°"™°"^'«»°f»P-^'i^-»b.rca»idge 
Hg.»^ 20-22 iliuaM. , pe„e««i„g ».eo.b.r earWdge i„ secdon. a drive 

Fi^ 23 a. «„bpdin«« „f , 

features of IheinvcnSoiL "uiagciiawiig 

Hguie 24 is an exploded view of « porUon of ih, .■ 
Figure 12. P°™°»°f"'=P"'«lral"ie member caruidge of 
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Figures 25 -d 26 iBuslntte . „ul«p,e layer sMi^ banier disposed over a 
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Figures 27 and 28 iUustrate an embodiment of a drive member coupled to a driver 
wherein the drive member includes a cuttmg memW having a diarpened edge wMch is 

configured to cut through a sterility barrier of a penetrating member slot during a lancing 
cycle in ordei for .the drive member to make contact with the penetrating member. 
5 Figures 29 and 30 illustrate an embodiment of a penetrating member slot in 

longitudinal section having a ramped portion disposed at a distal end of the penetrating 
member slot and a drive member with a cutting edge at a distal end thereof for cuttmg 
through a sterility barrier during a lancing cycle. 

Figures 3 1-34 illustrate drive member slots in a penetrating member cartridge 
10 wherem at least a portion of the drive mranber slots have a tapered opening which is 
" larger in transverse dimension at the top ofthe drive member slot than at the bottom of 

the drive member slot 

Figures 35-37 illustrate an embodiment of a penetrating member cartridge and 
p«aietraJing member drive member wherein the penetrating member drive member has a 
15 contouredjaws configured to grip a penetrating member diaft 

Figures.38 and 39 jshow aportion of a lancing device having a lid that can be 

opened to expose a penetrating member cartridge cavity for removal of a used 
penetrating member cartridge and insertion of a new penetrating member cartridge. 

Figures 40 and 41 illustrate a penetrating member cartridge that has penebating 

20 member slots on both sides. 

Figures 42-44 Ulustrate end and perspective views of a penetratmg member 
cartridge having a plurality of penetrating member slots formed &om ajCormgated 
surface of the poietrating member cartridge. 

Figures 45-48 iUustrate embodiments of a penetrating member and drive member 
25 wherdn the penetrating member has a slotted shaft and the drive membo: has a 

protuberance configured to mate with the slot m the penetrating member shaft. 

Figure 49 is a perspective view of a cartridge according to the present invention. 
Figures 50 and 51 show close-ups of outer peripheries various cartridges. 
Figure 52 is a perq)ective view of an underside of a cartridge. 
30 Figure 53A shows a top down view of a cartridge and the punch and pusher 

• ■ 

devices. 

Figure 53B is a perspective view of one embodiment of a punch plate. 
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P^H^^54A-54Gahowasequenceofinoticmf<.thepunchp^^^^^^ 
and the cartridge pusher. 

^^S^«^55A-55B show cross-sections of the system accordm^^ 
inventioii. . r . 

. ^'g^^eAshowsaper^tivevicwofthesystexnaccordingtothe™ " 
invention. 

• m 

^'^«'^®-^^-««»»-aWViewsshowingmed,am^ 
invention. j' 

Figures 57-65B show optior«d embodiments according to the present invention. 

Frgure 66^8 shows a still lurther embodim«.t of a cartridge accordm^ 
. present invention. 

Figures 69A-69L show the sequence of motions associated with an optional 
embndln^ant of a cartridge according to the present invention. 

Figure 70-72 show views of a samplemodules used with still further 

15 «»bodimentsofacartridgeaccordingtothepresentiirvemion 

Figure 73 shows a cartiidge witir a steri% barrier and an ^^^^^^ 
member layer. ^ 

JiSure 74-78 d.ow =^ fi^ 
coupled to a partridge. 
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Figures 79-84 show optional co«fig«atians for a cartiidge for use with the 
preseot mvention. . 

Kg»«87A.S7B *owsUlft^«^„^ „,^^^^^^^ ^ 

present invention. . lu me 

• ^ ^""^ ' ia^g ao an^ „,,.^^, 

F.g»,«, 89-90 co,bo<ih„»,te of fllunmad,™ system ibr „,c wio, u,e 
present invention. 
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Figures 91-96 show further embodiments using optical me.hods.for analyte 
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Figures 97-101 show embodiments of an agent inje^^ 

Figure 102 shows one embodiment of the present invention having a plurality of 
. needle based devices arranged ma radial pattern on a disc. 

. Figures 103 and 104 show other embodiments of an agent injection device. 
5 Figure 105 is a perspective view of one embodimeni of a drive mechani^^ 

needle based system. 

« » ■ 

Figures 106-109 show other embodiments of drive mechanisms for a needle 

based system. . . ' 

Figures 11 0-1 16 show embodiments of a needle based system using a cylindrical 

10 configuration. 

Figure 1 17 shows one embodiment of a needle based system arrange m a radial 

configuration on a disc. 

Figure 118 shows an embodiment wifli ai seal on the distal end of the needle. 
Figures 119 and 120 show various configurations for angiing the needle to direct 

15 it towards a target site. 

Figure 121 is a diagram shows a needle penetrating layCTS of the skin in a 

histological section. 

Figure 122 is a skin anatomy drawing showing the various skin layers with 

distinct cell types. 

20 Figures 123-129 show embodiments of a needle based system according to the 

present invention. 

Figure 130 shows a chart of varying penetrating member velocity in different 
parts of the tissue. 

Figures 131 and 132 show schematic views of penetrating member drivers 

25 according to the present invention. 

Figure 133 shows a penetrating member driver according to the present invention 
for use with a cartridge containing a plurality of penetrating members. 

Figures 134 and 135 show a penetrating member driver using a magnetically 

controllable fluid device. 
30 Figure 136 shows a penetrating member driver using a spring and a non-spring 

based retractor device. 
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Figures 137-140 show a cartridge and a penetrating member driver according to 
the present invention. 

Figures 141-142 show a depth setting device according to the present invention. 

Figure 143 shows a cam groove according to the present invention. 
Figures 144-145 show kits according to the present invention. 
Figures 146 to 148 show a still further dnbodimait of a cartridge according to 
the present invention. 

• . , • • • 

Figure 149 shows a penetrating member device used with a stack of analyte 
detecting members. 

Figures 150 and 151 show embodiments of a phirality of needle based analyte 
detecting modules anranged together in a cmister or cassette. 

Figure 152 is an exploded view of a carfadge for use with a system for sampling 
body fluid. 

Figure 153 is an exploded view of a cartridge having multiple penetrating 
15 manbers for use with a system for sampling body fluid. 

Figures 154-155 show views of a body sampUng system using multiple 
cartridges. 

Figure 156 illustrates an embodiment of a controllable force driver in the fomi of 
a cylindrical electric penetrating member driver using a coiled solenoid -type 
10 configuration. 

Figure 157A illustrates a displacement over time profile of a penetrating member 
driven by a harmonic spiingtoass system. 

Figure 157B illustrates the velocity over time profile of a penetrating member 
driver by a harmonic spring/^mass system. 

Figure 157C iUustrates a displacement ovear time profile of an embodiment of a 
controllable force driver. 

Figure 157D illustrates a velocity over time profile of an embodiment of a 
controllable force driver. 

FiguTf 158 is a diagrammatic view illustrating a controlled feed-back loop. 

Figure 159 is a perspective view of a tissue penetration device having features of 
the invention. 
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Figure 160 is an elevation view in partial longitudinal section of the tissue 
penetration device of Figure 4. 

Figures 161A-161C show flowcharts illustrating a penetrating member control 

method. 

5 Figure 162 is a graph of force vs. time during the advancement and retraction of a 

penetrating member showing some characteristic phases of a lancing cycle. 

Figure 163 is a grs^h showing displacement of a penetrating member over time. 

Figure 164 is a gnq)h showing an embodiment of a velocity profile, which 
includes the velocity of a penetrating member over time including reduced velM^ 

10 dinmg retraction ofthepenetratmg member. 

Figure 1 65 is a graphical representation of position and velocity vs. time for a 

lancing cycle. 

Figure 1 66 illustrates a sectional view of the layers of skin with a penetrating 

member disposed (herein. 
15 Figure 167 is a graphical representation of velocity vs. position.of a lancing 

cycle. 

Figure 1 68 is a gr^hical representation of velocity vs. time of a lancing cycle. 
Figure 169 shows one embodiment of a device for determining the number of 
penetrating m^bers remaining. 

20 

DESCRIPTION OF THE SPECmG EMBODIMENTS 
The present invention provides a multiple analyte detecting member solution for 
body fluid sampling. Specifically, some embodiments of the present invention provides 
a multiple analyte detectmg manber and multiple lancet solution to measuring analyte 
25 levels in tiie body. The invention may use a high density design. It may use lancets of 
OTafler size, such as but not limited to diameter or length, than kn^ The 
device may be used for multiple lancing events without having to remove a disposable 
fiom the device. The invention may provide improved sensing c^abilities. At least 
some of these and other obj ectives described herein will be met by embodiments of the 

IP 

30 present invention. 

It is to be understood fliat bofli tiie foregoing general description and die 
following detailed description are exemplary and explanatory only and are not restrictive 
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read by the reader apparatus. By way of example and not liimtati(m, analyte detecting 
member may be "associated with", >ounted within", or "coupled to" a chamber or 
other structure when the analyte detecting member participates in the function of 
providmg an appropriate signal about the blood sample to the reader device. Analyte 
detecting member may also include nanowire analyte detecting members as described 
herein. Analyte detecting member may use any, singly or in combination, 
potentiomelric, coulometric, or other metiiod useM for detection of analyte levels. 

Figures 1-11 of the accompanying drawings illustrates one embodhnent of a 
system 10 foypiercingtissueto obtain a blood sample. Ihe system lOmayinchidea 
replaceable cartridge 12 and an apparatus 14 for removably receiving the cartridge 12 
and for manipulating components of the cartridge 12, 

Refening jointty to Figures 1 and 2, the cartridge 12 may include aplurality of 
penetrating mranbers 1 8. The cartridge 12 may be in the form of a circular disc and has 
an outer circular surface 20 and an opening forming an inner circular surface 22. A 
phiraUty of grooves 24 are formed in a planar surface 26 of the cartridge 12. Each 

groove 24 is elongated and extends radially out from a center point of the cartridge 12. 
Each groove 24 is formed through the outer circular surface 20. Althoughnotshown.it 
should be understood that the grooves 24 are foimed over the entire circumference of the 
planar suifece 26. As shown in Figures 3 and 4, each groove 24 is relatively narrow 
closer to the center point of the cartridge 1 2 and slightly wider further fiom tiie center 
point These grooves 24 may be molded into the cartridge 12. niachined into flie 
cartridge, forged, pressed, or foimed using other methods usefel in the manufachnre of 
medical devices. 

hi die present embodiment, each penetrating member 18 has an elongate body 
26 and a sharpened distal end 27 having a sharp tip 30. The penetrating member 18 may 
have a circular cross-section with a diameter in this embodiment of about 0315 mm, All 
outer surfaces of the peneteating member 1 8 may have the same coefficient of fiiction. 
. The penetrating member may be, but is not necessarily, a bare lancet. The lancet is 
"bare", in tiicsense that no raised formations or molded parts are formed tirereon fliat are 
compllmaitarily engageable with another structure. Traditional lancets inctode large 
plastic molded parts tiiat are used to facilitate engagement. Unfortunately, such 
attachments add size and cost. In the most basic sense, a bare lancet or bare penetrating 
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«.eoftog™„ve,24. ,s toe U»i, stapled .B^^!" 

Tl« c»«dg, 12 .nay tah«ta a barter 28 

"^»*e26,™.«^-^«„.,,^„^j^,^^^^^^^ 

ste^baoi„28ia^„f,^,„..,^„^^,^^^^^^ 

P-«ttati^me.i,be,pri„totaci„g„,ac«,ado,. Tl.es.ertlizaUa»b»riar28Wb. 

mad. of a varies of „a«„al» suchas b„, „„„tai,.d to „e.aIHc foil, atani™ foi, 
^.Poly^^^o.^^.,^^,,^^^ O«»rde«aoftt» 
Sterilization bamer are detailed herein. 

^""^P-^^t^^^bodiment, the apparatus 14 may iclude a housing 30, an 
uutiatorb»tton32.apene.ratingi„enibex.^^^^ 

subassembly36,bat,eries38.acapadtor40,ai„icroprocess.rc^^^^^ and 
-itahes44. housing 30 may hav. apportion 46 and a lid 48. The'hd48is 
soured to thelowerp.rtion46withahinge 50. IlieW^^ 

52: A circular openhig 54 in the lowerportion 46 defines an outer boundary of .he 
recess 52 and a level platfonn 56 of the lower portion 46 defines a base of-the recess 52 

^"-^"'^^^^Softhepres^.tembodi.entispivotedintoapositionasshow^ 
Fa^el. Thecar.ridgel2isfiippedoverandpositionedin.her^ess52. Theplanar 
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surface 26 rests against the level platform 56 and the 

outer circular surface 20 to prevent movement of Ae cartridge 12 in a plane thereof. The 
lid 48 is then pivoted in a direction 60 and closes the cartridge 12. 

Referring to the embodiment shoTO in Figure 5, the penetrating member 

5 movement subassembly 34 includes a lever 62, a penetrating member accelerator 64, a 
linear actuator 66, and a spring 68. Other suitable actuators includmg but not limited to 
rotary actuators are described in coinmonly assigned, copending U.S. Patent Application 
Ser.No. 10/127^395 (Attorney Docket No. 38187-2551) filed April 19, 2M^^ Thelever 

62 may be pivotably secured to the lower portion 46. The button 32 is located in an 
10 accessible position external ofthelowerportion 46 and is connected by a shaft 70 
through the lower portion 46 to one end ofthelevCT 62. The penetrating member 
accelerator 64 is mounted to an opposing end of tiie lever 62. A user depresses the 
button 32 in an upward direction 66 so that the shaft 70 pivots the-end of the lever 62 to 

* » ■ * 

which it is coimected in an upward direction. The opposing end of the lever pivots in a 

• • • ' ■ , ' •« 

15 downward direction 66, The spring 46 is positioned between the button 32 and the base 
40 and compresses when the button 32 is depressed to create a force that tends to move 
the button 32 down and pivot the penetrating member accelerator upward in a direction 

* • 

opposite to the direction 64. 

Referring to Figures 6A and 6B in this particular embodiment, the movement of 

20 the button into the position shown in Figure 5 also causes contact between a terminal 74 
on the shaft 20 with a terminal 70 secured to the lower portion 46. Contact between the 
terminals 74 and 76 indicates that tiie button 32 has been ftiUy depressed. With the 
button 32 depressed, the cartridge 12 can be rotated without interference by the 
penetrating member actuator 64. To this effect, the cartridge advancer subsystem 36 

25 includes a pinion gear 80 and a stepper motor 82. The stepper motor 82 is secured to the 
lower portion 46. The pmion gear 80 is secured to the stepper motor 82 and is rotated by 
the stepper motor 82. Teeth on the pinion gear 80 engage with teeth on tiie inner circular 
surface 22 of the cartridge 12. Rotation of the pinion gear 80 causes rotation of die 
cartridge 12 about the center point thereof. Each tune that the terminals 74 and 76 make 

30 contact, the stepper motor 82 is operated to rotate the cartridge 12 flirough a discrete 

angle equal to an angular spacmg from a centerline of one of the penetrating members 1 8 
to a centerline of an adjacent penetrating member. A select penetrating member 1 8 is so 
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peneti9luig member 18; A diiference between the force F3 and F4 is a resultant force 
that accelerates the penetrating member in the direction 88 relative to the cartridge 12. 
The penetrating inember is moved ojit of the interference fit fllustrated m The 
bare penetrating member 18 is moved Mrithout the need for any engagement formations 

5 on the penetrating member. Current devices, in contrast, often make nse a plastic body 
molded onto each penetratmg member to aid in manipulating the praetrating members. 
Movement of the penetrating member 1 8 moves the sharpened end thereof through an 
opening 90 in a side ofthe lower portion 46. The sharp end 3 0 of the penetrating 
member 18 is thereby moved from a retracted and safe position within the lower portion 

10 46 into a position wherein it exteods out of the opening 90. Accelerated, high-speed 
movement ofthe penetrating member is used so that the sharp tip 30 penetrates skin of a 
person. A blood sample can thai be taken from the person, typically for diabetic 
analysis.. 

Refereuce is now made to Figures 9A and 9B. After the penetrating member is 

1 5 accelerated (for example, but not limitatioh, less than ,25 seconds thereafter), the current 
to the accelerating coils SiSA is turned off and the current is provided to the retracting 
coils 86B. The slug 90 moves in an opposite direction 92 together with the penetrating 
member accelerator 64. The penetrating member accelerator 64 then returns the used 
penetrating member into its ori^nal position, i.e., the same as shown in Figure 7B. 

20 Subsequent depression ofthe button as shown in Figure 5 will then cause one 

rq)etition of the process described, but with an adjacent sterile penetrating member. 
Subsequmt sterile penetrating members can so be used until all the penetrating members 
have been uised, i.e., after one complete revolution ofthe cartridge 12. In this 
embodiment, a second revohition ofthe cartridge 12 is disallowed to prevent the use of 

25 penetrating members that have been used in a previous revohition and have become 

contammated. The only way in which the user can continue to use the apparatus 14 is by 
opening 'the Hd 48 as shown in Figure 1, removing the used cartridge 12, and replacing 
the used cartridge with another cartridge. A detector (not shown) detects whenever a 
cartridge is removed and replaced with another cartridge. Such a detector may be but is 

30 not limited to an optical sensor, an electrical contact sensor, a bar code reader, or the like. 

Figure 1 0 illustrates the manner in which the electrical components may be 
functionally interconnected for the present embodiment. The battery 38 provides power 
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model, the maximum fictional force between smface 201 and penetrating member 202 
is eqqal to the jSiction coefficient between surface 201 and penetrating member 202 
multiplied by the nomial force between surface 201 and penetrating member 202. In this 
embodiment the maximum fiictional force between surface 203 and penetrating member 
5 202 is equal to the coefficient of Motion between the surface 203 and the penetrating 

member 202 multiphed by the nonnal force between the surface 203 and the penetrating 

'• ■ . * • 

member 202. Because fiiction coeffid^t between surface 203 and penetrating member 

202 is less than friction coefficient between surface 201 and penetrating member 202, the. 
interface between surface 201 and penetrating member 202 can develop a higher 

1 0 maximum static friction force than can the interface between surface 203 and pmetrating 
member 202- 

Driving force as indicated by arrow 207 is applied to surface 201 perpendicular to 
nomial force 206. The sum of the forces acting horizontally on surface 201 is the sum of 
driving force 207 and the fiiction force developed at the interface of surface 201 and 

15 penetrating member 202, which acts in opposition to driving force 207. Since the 

coefficient of friction between sur&ce 203 and penetrating member 202 is less than the 
coefficient of friction between surj^e 201 and penetrating member 202, penetrating 
member 202 and surface 201 will remain stationary with respect to each other and can be 
considered to behave as one piece when driving force 207 just exceeds the maximum 

20 fiictional force that can be si^ported by the interface between surface 203 and 

penetrating member 202. Surface 201 and penetrating member 202 can be considered 
one piece because the coefficient of fiiction between surface 201 and penetrating 
. member 202 is high enough to prevent relative motion between the two. 

In one embodiment, the coefficient of fiiction between surface.201 and 

25 penetrating member 202 is approximately 0.8 corresponding to the coefficient of fiiction 
betwem two surfaces of stainless steel,.while the coefficient of fiiction between surface 

203 and penetrating member 202 is approxiinately 0.04, corre^nding to the coefficient 
of fiiction between a surface of stainless steel and one of polytetrafluoroethylene. 
Nonnal force 206 has a yalue of 202 Newtons. Using these values, the maxinium 

30 fiictional force that the interface between surface 201 and penetrating member 202 can 
support is 1.6 Newtons, while the maximum fiictional force, that the interface between 
surface 203 and penetrating member 202 can support is 0.08 Newtons. If driving force 
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material with a coefficient of fiiction with penetrating member 202 lower than that of the 
material used for surface 201. 

Refening to Figure 1 6, a portion of a base plate 2 1 0. of an embodiment of a 
penetrating member cartridge is shown with a plurality of penetrating member slots 2 12 
5 disposed in a radial direction cut into a top surface 214 of the base plate. A drive 
member 216 is shown with a distal edge 218 disposed within one of the penetrating 
member slots 212 of the base plate 210. The distal edge 218 of the drive member 216 is 
configured to slide within the penetrating membCT slots 212 with a minimum of fiiction 
but with a close fit to minimize lateral movement during a lancing cycle. 

10 Figure 17 shows a distal portion 220 of a coated penetrating member 222 in 

partial longitudinal section. The coated penetrating member 222 has a core portion 224, 
a coating 226 and a tapered distal end portion 228. A portion of a coated drive member 
230 is shown having a coating 234 with penetrating member contact surface 236. The 
penetrating member contact surface 236 forms an interface 238 with an outer surface 240 

IS of the coated penetrating member 222. The interface 238 has a characteristic fiiction 

coefficient that will dq)end in part on the choice of materials for the penetrating member 
coating 226 and the drive member coating 234. If silver is used as the penetrating 
member and drive member coating 226 and 236, this yields a fiiction coefficient of about 
1 .3 to about 1 .5. Other materials can be used for coatings 226 and 236 to achieve the 

20 desired fiiction coefficient For example, gold, platinum, staiidess steel and other 

materials maybe used for coatings 226 and 236. It niay be desirable to use combinations 
ofdifferent materials for coatings 226 and 236. For example, an embodiment may 
include silver for a penetrating memb^ coating 226 and gold for a drive member 
coating. Sonie embodiments of the interface 238 can have fiiction coefficients of about 

25 1.15toabout5.0,specifically, about 1.3 to about 2.0. 

Embodiments of the penetrating member 222 can have an outer transverse 
dimension or diameter of about 200 to about 400 microns, specifically, about 275 to 
about 325 microns. Embodiments of penetrating member 222 can have a length of about 
10 to about 30 millimeters, specifically, about 15.to about 25 milfimeters. Penetrating 

30 member 222 can be made from any suitable high strength alloy such as stamless steel or 
the like. 
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such, the drive member 248 is able to drive the penetratmg member 262 distally through 
the sterility barrier 258 and into the patient's finger 264 without any relative movement 
or substantial relative movement between the drive member 248 and the penetrating 
member 262. 

'5 Referring to Figures 20-22, a lancing cycle sequence is shown for a lancing , 

device 242 with another embodiment of a penetrating inember cartridge 244 as shown in 
Figures 23 and 24. The base plate 256 of the penetratmg member cartridge 242 shown in 
Figures 23 and 24 has a plurality of penetrating member slots 252 with top openings 268 
that do not extend radially to the outer surface 260 of the base plate 256. In this way, the 

1 0 penetratiiig member slots 252 can be sealed with a first sterility barrier 270 disposed on 
the top surface 254 of the base plate 256 and a second sterility barrier 272 disposed on 
the outer surface 260 of the base plate 256. Penetrating member outlet ports 274. are 
disposed at the distal ends of the penetrating member slots 252. 

Referring again to Figure 20, the penetrating member 262 is shown in the 

15 proximally retracted starting position within the penetrating member slot 252^ The outer 
surface of the penetrating member 276 is in contact with the penetrating member contabt 
surface 278 of the drive member 248. The fiiction coefBcient between the penetrating 
member contact surface 278 of the drive member 248 and the outer surface 276 of the 
penetrating member 262 is greater than the fiiction coefBcient between the penetrating 

■ 

20 member 262 and an interior surface 280 of the penetrating member slots 252. A distal 
drive force as indicated by arrow 282 in Figure 1 0 is then applied via the drive coxipler 
250 to the drive member 248 and the penetrating member is driven ont of the penetrating 
member outlet port 274 and into the patient* s finger 264. A proximal retraction force, as 
indicated by arrow 284 in jFigure 22, is then applied to the drive meniber 248 and the 

25 penetrating member 262 is withdrawn fiom the patient's finger 264 and back into the 
penetrating member slot 252. 

Figures 25 and 26 illustrate an embodiment.of a multiple layer sterility barrier 

* * 

258 in the process of being penetrated by a penetrating member 62. It should be 

understood that this barrier 258 may be ad^ted for use with any embodiment of the 

^ ■ • . • 

30 present invention. The sterility barrier 258 shown in Fijgures 25 and 26 is a two layer 
steriUty barrier 258 that facilitates maintaining sterility of the penetrating member 262 as 
it passes through and exits the sterility barrier 258. In Figure 25, the distal end 286 of 
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the bottoim of the drive member slot Figure 3 1 Olustrates a base plate 330 with a 
penetrating member slot 332 that is tapered at the input 334 at the top surface 336 of the 
base plate 330 along the entire length of the penetrating member slot 332. In such a 
configuration, the penetrating member slot and drive manber slot (not shown) would be 
5 in communication and continuous along the entire length of the slot 332. As an optional 
alternative, a base plate 338 as shown in Figure 32 and 33 can have a drive member slot 
340 that is axially separated from the corresponding penetrating member slot 342. With 
this conjBguration, the drive member slot 340 can haye a tapered configuration and the 
penetr;ating member slot 342 can have astraight walled configuration. In addition, this 

10 configuration can be used for corrugated embodiments of base plates 346 as shown in 
Figure 34. In Figure 34, a drive member 348 is disposed within a drive member slot 350. 
A penetrating member contact surface 352 is disposed on the drive member 348. The 
contact surface 352 has a tapered configuration that will facilitate lateral alignment of the 
drive member 348 with the drive member slot 350. 

15 Figures 35-37 illustrate an embodiment of a penetrating member cartridge 360 

and drive member 3 62 wherein the drive member 362 has contoured jaws 364 configured 
to grip a penetrating member shaft 366; In Figure 35, the drive member 362 and 
penetrating member shaft 366 are shown in transverse cross section with the contoured 
jaws 364 disposed about the penetrating member shaft 366. A pivot point 368 is 

20 disposed between the contoured jaws 364 and a tiered compression slot 370 in the drive 
member 362. A compression wedge 372 is shown disposed within the tapered 
compression slot 370. Insartion of the compression wedge 372 into the coinpression slot 
370 as indicated by anow 374, forces the contoured jaws 364 to close.about and grip the 
penetrating member shaft 366 as indicated by arrows 376. 

25 Figure 36 shows the drive member 362 in position about a penetrating m^ber 

shaft 366 in a penetrating member slot 378 in the penetrating member cartridge 360. The 
drive member can be actuated by the methods discussed above with regard to other drive 
member and driver embodiments. Figure 37 is an elevational view in longitudinal 

section of the penetrating member shaft 1 66 disposed within the penetrating member slot 

* » • 

30 378. The arrows 380 and 382 indicate in a general way, the path followed by the drive 
member 362 during a lancing cycle: During a lancing cycle, the drive member comes 
down into the penetrating member slot 378 as indicated by an-ow 380 through an 



10 



wo 20CM/107975 

PCT/US20b4/0l7320 

. ' ■ ■ 

25 

- bo op«,od u, expo. , .cMbe, ^ 2^ , ^ 

P^Oag cartridge 396 »d taertion of, „L .Jj! ' ""^ 

""""^ ^'-^ -'-^"-t i;' , 

(hrecbon indicated by aiiow 414 ThJc, r « cawe 412 m the 

bo romovod Son. Iho taohg j,™, 350 . „ ' """S' oan 

.. . *^ ™6mber cartridee in 

operational position. V^uiage jyg m an 



15 

operational position. 



membesr cartridge 400 thjo n ^ "f^fi of the penetrating 

20 ^^°^^™"^l^«^ti°8«'«nbercartridfie420of,H- / 

20 D to store for use twice the number of penetrating ™. 

^.e^bercartrid^eofthesaniedianietl; 

artndge 430 havnig a plurahty of penetrating membtr slots 432 fonned fi«„. » 
coiTugated surface 434 of the nenetrprin., u ''^^ ionned fion, a 

^®°^^*"'8membea: cartridge 430 P^»h.„«,- 
^5 436 are disposed on both sides of the pe^etratino T ^^^^»^g"»«nibei. 

banier438fediow. f °'^"^^P^«'^*^8™«»ber cartridge 430. Asterility 

--438issho.„dispo^,,,,,^^^^^^^ 

Figures 45-48 illustrate embodiments of anenetHrttn u 
member 442 wherein th. ^ • P^^^^g "'ember 440 and drive 

Penetratmginembershafl446andthedrivemember442h, u 
) J ■^"^ ^2 has a protuberance 44JI 

) configured to mate with the transveiBe slot 444 in the ^^'^^^ 
FieureAScK . ™ *® P«ne*ratuig member shaft 446 

i^ignre 45 shows a protuberance 448 having a taner^i. « "^^6. 

. ^**^P^^ configuration that matches a 

tapered configuration of the transverse slot 444 in the 

• Penetratmg member shaft 446 



WO 2004/107975 . PCT/US2tf ©4/017320 

■ 

26 

Figure 46 illustrates an optional alternative embodiment w 

has straight walled sides that are configured to match the straight walled sides of the 
transverse slot 444 shown in Figure 46. Figure 47 shows a tapered protuberance 448 that 
is configured to leave iain end gap 450 between an end of the protuberance 448 and a 
S bottom of the transverse slot in the penetrating member shall 446. 

. Figure 48 illustrates a inechanism 452 to lock the drive member 442 to the 

penetrating member shaft 446 fl^at has a lever ann 454 with an bptioiial bearing 456 on 

the first end 458 Aereofdisposed within a gmde slot 459 ofthe drive member 442. The 

♦ ■ • • • 

lever arm 454 has a pivot point 460 disposed between the first end 458 of ithe lev^ arm 
10 454 and the second end 462 of the lever aim 454. A biasing force is disposed on the 
^ second end 462 of the lever arm 454 by a spring member 464 that is disposed between 

the second end 462 of the lever ami 454 and a base plate 466. The biasing force in the 

direction indicated by arrow 468 forces the penetrating member contact surface 470 of 

the drive member 442 against the outside surface of the penetrating member 446 and^ in 
1 5 addition, forces the protuberance 448 of the drive member 442 into the transverse slot 

444 of the penetrating member shaft 446. 

Referring now to Figure 49, another embodiment of a replaceable cartridge 500 

suitable for houdng a plurality of individually moveable penetrating m^bers (not ' 

shown) will be desoibed in fijTther detail. Although cartridge 500 is shown with a 
20 chamfered outer periphery, it should also be understood that less chamfered and 
. unchamfered embodiments of the cartridge 500 may also be adapted for use with any 

embodiment of the present invention disclosed herein. The penetrating members 

slidably coupled to the cartridge may be a bare lancet or bare elongate member without 

outer molded part or body pieces as seen in conventional lancet The bare design reduces 
25 cost and simplifies manufacturing of penetrating members for use with the present 

invention. The penetrating members may be retractable and held within the cartridge so 

that they are not able to be used again. The cartridge is rq>laceable with a new cartridge 

once all the piercing members have been used. The lancets or penetrating members may 

be fully contained in the used cartridge so at to minimize the chance of patient contact 

♦ * • 

30 with such waste. 

• As can be seen in Figure 49, the cartridge 500 may include a plurality of cavities 
501 for housing a penetrating member. In this embodiment, the cavity 501 may have a 
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angled surface around the outside. Welding a foil type sterility barrier over that angled 
surface, the foil folds because of the change in the surfaces wfaicli is now at 45 degrees. 
This creates excess material. The grooves or notches 5 13 are th^ as a location for that 

• * ' ■ 

excess material. Placing the foil down into those grooves 513 which may tightly stretch 
5 the material across the 45 degree angled surface. Although in this embodiment the * 
surface is shown to be at 45 degrees, it should be undmtood that other angles may also 
be used. For example, the surface may be at any an^e between about 3 degrees to 90 
degrjces, relative to horizontal. The surface may be squared oK The surface may be 
unchamfered. The sur&ce may also.be a curved surface or it may be combinations of a 
10 variety of angled surfaces, curved and strai^ts surfaces, or any combination of some or 
all of the above. 

■ ' ■ • • ■ 

Referring now to Figures 53-54, the sequence in which the cartridge 500 is 
indexed and penetrating members are actuated will now be described. It should be 
understood that some steps described herein may be combined or taken out of order . 
15 without departing from the spirit of the invention. These sequence of steps provides 
vertical and horizontal moy^ent used with the present embodiment to load a 
penetrating member onto the driver. 

As previously discussed, each cavity on the cartridge may be individually sealed 
with a foil cover or other stexUe enclosure material to maintain sterility until or just 

20 before the time of use. . In the present embodiment, penetrating members are released 
from their sterile environments just prior to actuation and are loaded onto a launcher 
mechanism for use. Releasing the penetrating member from the sterile environment 
prior to launch allows the penetrating member in the present embodiment to be actuated 
without having to pierce any sterile enclosure materia which may dull the tip of the 

25 penetrating member or place contaminants on &e member as it travels towards a target 
tissue.. A variety of methodis may be used accomplish this goal.. 

Figure 53A shows one embodiment of penetrating member release device, which 

' * ' . * 

in this embodiment is a punch plate 520 that is shown in a see-through depiction for ease 

of illustration. The punch plate 520 may include a first portion 521 for piercing st^e 

■* ■ ■ *, ' 

V 

30 material covering the longitudinal opening 502 and a second portion 522 for piercing 
malarial covering the lateral op^iing 503. A slot 523 allows the penetrating member 
gripper to pass through the punch plate 520 and engage a pmetrating member housed in 
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25 mechamcaUy ,0 rotate a cam pT^ ^ ""'"^'^^^^^^ 

aiiy rotate a cam (see figure 55A) that moves the punch plate 520 and 
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receive the penetratiBg member gripper. As the gripper 530 is pushe 
penetrating mqoiber, the legs are spread qpen elastically to create a fiictional grip with 
the penetrating nieinber such as but not liinited to bare elongate wires m 
attachments molded or otherwise attached thereon. In some embodiments, the 
5 penetrating ni^ber is made of a homogenous material without any additional 

attachments that are molded, adhered, glued or otherwise added onto the penetrating 
member. 

In some embodiments, the gripper 530 may cut into the fiddes of the penetratm 
member. The penetratmg member in one embodiment may be about 300 niicrons wide. 

10 Thegrooves that form in the.side of the penetrating member by the knife edg^ 

the order of about 5-10 microns deep and are quite small. In this particular embodiment, 
the knife edges aUow the apparatus to use a smdl insertion force to get. t^^ 
the penetrating member, compared to the force to remove the penetrating member from 
the gripper the longitudinal axis of an elongate penetrating member. Thus, the risk of a 

15 penetrating member bemg detached during actuation are reduced. Thegriqpper530may 
be made of a variety of materials such as, but not limited to high strength carbon steel 
that is heat treated to increased hardness, ceraniic, substrates with diamond coating, 

composite reinforced plastic, elastomer, polymer, and sintered metals. Additionally, the . 

steel may be surface treated. The gripper 130 may have high gripping force with low 
20 friction drag on solenoid or other driver. 

As seen in Figure 54C, the sequence begins with punch plate 520 being pushed 

down. This results in the opening of the next sterile cavity 532. In some embodiment, 
. this movement of punch plate 520 may also result in the crimping of the dirty penetrating 

member to prevent it from bemg used again. This crirnping may result from a protrusion 
25 on the punch plate bending the pmetrating member or pushing the penetrating member 

into a groove in the cartridge that hold the penetrating member in place through an 

interference fit As seen in Figures 53B and 54C, the punch plate 520 has a protrusion or 

pimch shaped to pmetrate a longitudinal opening 502 and a lateral opening 503 on the 

cartridge. The first portion 521 of the punch that opens cavity 532 is shaped to first 

■* , ■ ■ 

30 pierce the steriUty barrier and then push, compresses^ or otherwise moves sterile 
enclosure material towards the sides of the longitudinal opening 502. The second 
portion 522 of the punch pushes down the sterility barrier at lateral opening or 
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penetrating member exit 503 such »w A 
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The fingers are driven by a slider that may be automaidcally actuated or actuated by the 
user. This maybe occur mechanically or through electric or other powered devices. 
Haliway through the stroke, a finger may engage and rotate around the cartridge. A 
more complete description can be found with text associated with Figures 56B-56C. 
5 . Refening now to Figure 54G, with the sterile penetrating member in alignment, 
the cartridge 500 is released as indicated by arrows 540 and brought back into contact 

' * ■ . ' ' ' 

with the penetrating member gripper 530. The new penetrating member 541 is inserted 
into the gripper 530, and the apparatus is ready to fire once again. After launch and in 

* 

between lancing events for the present embodiment^, the bare lancet or penetrating 

1 0 mmber 541 is held in place by gripper 530, preventing the penetrating member firom 
accidentally protruding or sliding out of the cartridge 500. 

It should be understood of course,, that variations can be added to the above 
embodiment without departing fi:om the spirit of the invention. For example, the 
penetrating member 541 may be placed in a parked position in the cartridge 500 prior to 

15 launch. As seen in Figure 55A, the penetrating member is held by a narrowed portion 
542 of the cartridge, creating an interference fit which pinches the proximal end of the 
penetrating member. Friction from the molding or cartridge holds the penetrating 
member during rest, preventing the penetrating member firom sliding back and forth. Of 
course, other methods of holding the penetrating member may also be used. As seen in 

20 Figure 55B prior to launch, the penetrating member gripper 530 may pull the penetrating 
member 541 out of the portion 542. The penetrating member 541 may remain in this 
portion until actuated by the solenoid or other force generator coupled to the penetrating 
member gripper. A cam surface 544 may be used to pull the penetrating member out of 
the portion 542. This mechanical cam surface may be coupled to the mechanical slider 

25 driven by the patient, which may be considered a separate force generator. Thns, energy 
from the patient extracts the penetrating member and this reduces the drain on the 
device's battery if the solenoid or electric driver were to piill out the penetrating member. 
The penetrating member may be moved forward a small distance (on the order of about 1 

• ■ ■ ' 

mm or less) from its parked position to pull the penetrating member fix)m the rest , 
30 position gripper. After penetrating tissue, the penetrating member may be returned to the 
cartridge and eventually placed into the parked position. This may also occur, though 
not necessarily, through force provided by the patient, hi one embodiment, the placing 
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pu^er 525. K^e 55A also ^..e.,,, ^„ 

detennined by one Skilled in the art Some «r,w . « as may be 
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addition to providing a source of energy to index the 

♦ ■ 

switch the electronics to start the display. The user may use the display to select the . 

* 

depthof lancing or other feature. The display m^y go back to sleep again until it is 
activated again by motion of the slid^ 564. The underside the housing 566 may also be 
5 hinged or otherwise removable to allow the insertion of cartridge 500 into the device. ; 
The cartridge 500 may be inserted using technology current used for insertion of a . 

compact disc or other disc int9 a compact disc player. In one embodiment^ there may be .> . — 

a tray which is dq)loyed outward to receive or to remove a cartridge. The tray may be 
withdrawn into the apparatus wh^e it may be elevated, lowered, or otherwise transported 
10 iatopositionforuse with the penetrating member driver. . In other embodiments, the 
apparatus may have a slot into which the cartridge is partially inserted at which point a 
mechanical apparatus will assist in completing insertion of the cartridge and load the 
cartridge into proper position inside tlxe apparatus. Such device is akin to the type of . . 
compact disc player found on automobiles. The iDsertions/^jection and loading 

• - ■ ■ • ' ' , . 

15 apparatus of these compact disc players uses gears, pulleys, cables, trays, and/or other . 

parts that may be adapted for use with the present invention. 

Referring now to Figure 56B, a more detailed view of one embodiment of the 

slider 564 is provided. In this embodiment, the slider 564 will move initially as indicated 

by arrow 567. To complete the cycle, the patient will return the slider to its home 
20 position or original starting position as indicated by arrow 568. The slider 564 has an 

ann 569 which moves with the slider to rotate the cani 550 and engage portions 522. 

The motion of the slider 564 is also mechanically coupled to a finger 570 which erlgage 

the indentations 571 on cartridge 500. The finger 570 is synchroiiized to rotate the 

cartridge 500 by pulling as indicated by arrow 572 in the same plane as the cartridge. It 
25 should be understood that in some embodiments, the finger 570 pushes instead of pulls to 

rotate the cartridge in the correct direction. The finger 570 may also be adapted to 

engage ratchet surfaces 706 as seen in Figure 66 to rotate a cartridge. The finger 570 

may also incorporate vertical motion to coordiiiate with the rising and lowering of the 

cartridge 500. The motion of finger 570 may also be powered by electric actuators such 

■i 

30 as a stepper motor or other device useful for achieving motion. Figure 56B also shows a 
portion of the encoder 573 used in position sensing. 
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or removed at one orieDtation. For example as seea in Figure 56D, the cartridge 592 
may have a keyed slot 593 that matches the outline of a protrusion S94.such that the 
cartridge 592 may only be removed upon alignment of the slot 593 and protrusion 594 
upon at the sftart or end positions. It should be understood that other keyed technology 
5 may be used and the slot or key may be located on an outer periphery or other location 
on the cartridge 592 in manner useful for allowing insertion or removal of the cartridge 
fo>m only one or a select number of orientations. 

Referring now to Figure 57, .a qross-section of another embodiment of a cavity 
600 housing a penetrating member is shown. The cavity 600 may include a depression 
10 602 for allowing the gripper 530 to penetrate suflBciently deeply into the cavity to 

fiictionally engage the penetrating member 541 . The penetrating member may also be 
housed in a groove 604 that holds the penetrating member in place prior to and after 
actuatioiL The penetrating member 541 is lifted upward to clear the groove 604 during- 
actuation and exits through opening 506. 
15 Referring now to Figure 58, another variation on the system according to the 

present invention will now be described. Figure 58 shows a lancing system 610 wherein 
the penetrating members have their sharpened tip pointed radially inward. The finger or 
other tissue of the patient is mserted through the center hole 61 1 to be pierced by the 
member 612. The penetrating m^ber gnpper 530 coupled to drive force gmerator 613 
20 operate in substantially the samemanner as described in Figures 54A-G. The punch 
portions 521 and 522 operate in substantially the same manner to release the penetrating 
members from the sterile enclosures. The punch p'ortion 522 may be placed on the inner 
periphery of the device, where the penetrating member exit is now located, so that sterile 
enclosure material is cleared out of the path of the penetrating member exit. 
25 . Rd'eiring now to Figure 59, a still further variation on the lancing system 

according to the present invention will now be described. In the embodiments shown in 
Figures 53-54, the penetrating member gripper 530 approaches the penetrating member 
from above and at least a portion of flie drive system is located in a different plane from 
that of the cartridge 500. Figure 59 ^ows an embodiment where the penetrating 
30 member driver 620 is in substantially the same plane as the penetrating member 622. 
The coupler 624 engages a bent or L shaped portion 626 of the member 622. The 
cartridge 628 can rotate to engage a new penetrating member with the coupler 624 ' 
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nay rotate to slid. n_«„«„. \ . » 1«'««'°=S member 633 
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Refening now to Figure 62, a still fvDlher embodiment 
the present invention will be described. This cartridge 652 includes a tapered portion 
654 for aUowing the coupler 655 to enter the caAdty 656. A narrowed portion 657 guides 
the penetrating monber 658. The coupler 655 may have, but does not necessarily have, 
5 movablejaws 659 that engage to grip the penetrating member 658. Allowing the coupler 
to mter the cavity 656 aUows the aHgnment of the penetrating member to be bett^ 
maintained during actuation. This tapered portion 654 may be adapted for use with any . 
embodfanait of the cartridge disclosed herein. 

■ • • 

. Refenring now to Figure 63, a hnear cartridge 660 for use with the prese^^ 

1 0. invention will be described. Although the present invention has been shown in use with 

radial cartridges, the lancing system may be adapted for use with cartridges of other 

shapes. Figures 79-83 show other cartridges of varying shapes adaptable for use with the 

present invention. Figure 63 illustrates a cartridge 660 with only a portion 662 providing 

• '. • • . • ■ ■ * . • • • 

sterile protection for the penetrating members. The cartridge 660, however, provides a 

1 5 base 664 on which a penetrating member 665 can rest This provides a leyel of 

protection of the penetrating member during handling. The base 664 may also be shaped 
to provide slots 666 in which a penetrating member 667 may be held. The slot 666 may 
also be adapted to have a tapered portion 668. These configurations may be adapted for 
usewithany ofthe embodiments disclosed.herein, such as the cartridge 652. 

20 Refeiring now to Figures 64A-64C, a variety of dilferent devices are shown for 

releasing the sterihty seal covering a lateral opemng 503 on the cartridge 500. Figure 
64A shows a rotating punch device 670 that has protrusions 672 that punch out the. 
sterility barrier creating openings 674 from which a penetrating member can exit without 
touching the sterility barrier material. Figure 64B shows a vertically rotating device 676 

25 with shaped protrusions 678 that punch down the sterility barrier 679 as it is rotated to be 
in the active, firing position. Figure 64C shows a punch 680 which is positioned to 
punch out barrier 682 when the cartridge is lowered onto the punch. The cartridge is 
rotated and the punch 680 rotates with the cartridge. After the cartridge is rotated to the 
proper position and lifted up, the punch 680 is spring loaded or otherwise configured to 

30 return to the position to engage the sterility barrier covering the next unused penetrating 
member. 
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retracted position, captured by a gripper 716. The end of the protective cavity .704 may 
be deflected downward by the previous actuation. The user may operate a mechanism 
such as but not liniited to a thumbwheel, lever, cranky slider, etc. . .that advances 

p^etrating member 720 into launch position as seen in Figure 69A. The mechanism . " . 

5 lifts a bar that allows the protective cavity to return to its original position in the plane of 
the disc. 

..... 

In this embodiment as shown in Figure . 69B, the penetrating member guide 722 
presses through foil in rear of pocket to "home" penetrating member and control v^cal 
clearance. For ease of illustration, actuation devices for moving the penetrating member 

10 guide 722 and other mechanisms are not showiL They may be springs, canis, or other 
devices that can lower and move the components shown in these figures. In some 

embodiments, the cartridge 700 may be raised or lowered to engage the penetrating 
ni^ber guide 722 and other devices. 

As seen in Figure 69C, the plough or sterile enclosure release device 724 is . 
15 . lowered to engage the cartridge 700. In some embodiments, the disc or cartridge 700 
may raised part way upward until a plough or plow blade 724 pierces the sterility barrier 
726 which may be a foil covering. 

Referring now to Figure 69D, Uie plough 724 clears foil Scorn front of pocket and 
leaves it attached to cartridge 700. The plough 724 is driven radially inward, cutting ' 
20 open the stmh'ty barrier and rolling the scrap into a coil ahead of the plough. Foil 
naturally curls over and forms tight coil when plough lead angle is around S5degs to 
horizontal. If angle of the plough may be between about 60-40degs, preferably closer to 
55 degs. In some embodiments, the foil may be removed in such a manner that the 

• ■ 

penetrating member does not need to pierce any sterile enclosure materiails during 
25 launch. 

Referring now to Figure 69E, the gripper 716 may be lowered to engage the bare 
penetrating ihember or piercing member 720. Optionally, the disc or cartridge 8000 may 
be raised until the penetrating member 720 is pressed firmly into the gripper 716, 
Although not shown in the present figure, the penetmting member driver or actuator of 
.30 * tlie present embodiment may remain in the same horizontal plane as the penetrating 
member. 
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embodiment shown in Figure 70, microfluidic module 740 bearing the analyte detecting 
member chemistry and detection device 742 (Figure 71) is couple on to the shaft of the 
penetratmg member 720. The drive, cycle described above may also actuate the module 
740 so that it rests at the surface of the finger to acquire blood once the penetrating 
5 member retracts from the wound. The module 740 is allowed to remain on the surface of 
the finger or other tissue site until the gripper 738 has reached the back end 744 of the 
microfluidics module 740, at which point the module is also retracted into the casing. 
The amount of time the module 740 remains on the finger, in this embodiment, may be 
varied based on the distance the end 744 is located 9nd the amount of time it takes the 

10 gripper to engage it on the withdrawal stroke. The blood filled module 740, filled while 
the module remains on pierced tissue site, may then undergo analyte detection by means 
such as optical or electrochemical sensing. 

The blood may be filled in the lumen that the penetrating m^ber was in or the 
module may have sq>arately .defined sample chambers to the side of the penetrati^ 

1 5 member lumen. The analyte detecting member may also be placed right at the 

immediate vicinity or slightly setback from the module opening receiving blood so that 
low blood volumes will still reach the analyte detecting inember. In some embodiments, 
the analyte sensing device and a visual display or other interface naay be on board the 
apparatus and thus provide a readout of analyte levels without need to plug apparatus or 

20 a test strip into a separate reader device. As seen in Figure 71 , the cover 746 may also be 
clear to allow for light to pass through for optical sensing. The analyte detecting 
member may be used with low volumes such as less than about 1 microhter of sample, 
preferably less than about 0.6 microliter, more preferably less than about 0.3 microliter, 
and most preferably less than about 0.1 .microhter of sample. 

25 In another embodiment as seen in Figure 72, sensing elements 760 may be 

directly printed or formed on die top of bottom of the penetrating member cartridge 700, 
depending on orientation. The bare penetrating member 720 is then actuated through a 
hole 762 in the plastic facing, withdrawn into the radial cavity followed by the blood 
sample. Electrochemical or pptical detection for analyte sensing may then be carried out 

30 (Figure 72). Again the cavity 766 may have a clear portion to allow Ughf to pass for 
optical sensing. In one embodiment, a multiphcity of miniaturized analyte detecting 
member fields may be placed on the floor of the radial cavity as shown in Figure 72 or 
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on the nricrofluidic module shown in • 
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In this embodimeait, after actuation, the penetrating member 802 is returned into 
the cartridge and may be held within the cartridge 800 in a manner so that it is not able to 

» 

be used again. By way of example and not liinitation, a used penetrating member may 
be returned into the cartridge and hield by the lanncher in position until the next lancing 

5 event At the time of the next lancing the launcher may disengage the used penetrating . 
member with the cartridge 800 turned or indexed to the next clean penetrating member 
such that the cavity holding the used penetrating member is position so that it is riot 
accessible to the user (i.e. turn away from a penetrating member exit opening). In some 
embodiments, the tip of a used penetrating member may be driven into, a protective stop 

10 that hold the penetrating member in place after use. The cartridge 800 is replaceable 
with a new cartridge 800 once all the penetrating members have been used or at such 
other time or condition as deemed desirable by the user. 

Refeiring still to the embodiment in Figure 73, the cartridge 800 may provide 
sterile environments for penetrating members via seals, foils, covers, polymeric, or 

1 5 similar materials used to. seal the cavities and provide enclosed areas for the penetrating 
members to rest in. In tiie present embodiment, a foil or seal layer 820 is applied to one 
surface of the cartridge 800. The seal layer 820 msiy be made of a variety of matmals 
such as a metallic foil or other seal materials and may be of a tensile strength and pthar 
quality fliat may provide a sealed, sterile environment until the seal layer 820 is penetrate 

20 by a suitable or penetrating device providing a preselected or selected amount of force to 
open the sealed, sterile environment. Each cavity 806 may be individually sealed with a 
layer 820 in a manner such fliat the openmg of one cavity does not interfere with flie 
sterility in an adjacent or other cavity in the cartridge 800. As seen in the embodiment of 
Figure 73, the seal layer 820 may be a planar material that is adhered to a top surface of 

25 the cartridge 800. 

Depending on tiie orientation of the cartridge 800 in the penetrating member 

driver apparatus, the seal layer 820 may be on the top surface, side surface, bottom 
surface, or other positioned surface. For ease of iUustration and discussion of the 
embodiment of Figure 73, the layer 820 is placed on a top surface of the cartridge 800. 
30 The cavities 806 holding the penetratmg members 802 are sealed on by the foil layer 820 
and thus create the sterile environmisnts for the penetrating members. The foil layer 820 
may seal a plurality of cavities 806 or only a select number of cavities as desired. 
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820 may be adhered, attached, or othewise coiipled to the cartridge 800 as indi^^ 
arrows 824 to seal many of the cavities 806 at one time. A sheet 822 of analyte detecting 
members may also be adhered, attached, or otherwise coupled to the cartridge 800 as 
indicated by arrows 825 to providejnany analyte detecting members on the cartridge at 

5 onetime. During manufacturing of one embodiment of the present invention, the 

cartridge 800 may be loaded with penetrating members. 802, sealed with lajrer 820 and a 
temporary layer (not shown) on the bottom where substrate 822 would later go, to 
provide a sealed environment for the paietrating members. This assembly with the 
temporary bottom layer is then taken to be sterilized. After sterilization, the assembly is 

10 taken to a clean room (or it may aheady be in a clear room or equivalent environment) 
where the temporary bottom layer is removed and the substrate 822 with analyte 

* • * - . « 

detecting members is coupled to the cartridge as shown in Figure 73. This process 
allows for the sterile assembly of the cartridge with the penetrating manbers 802 using 
processes and/or temperatures that may degrade flie accuracy or functionality of the 

15 analyte detecting members on substrate 822. As a nonhmiting ex^le, the entu» 
cartridge 800 may then be placed in a fiirtfaer sealed container such as a jpouch, bag, 
plastic molded container, etc. . .to facilitate contact, improve raggedness, and/or allow for 
easier handling. 

In some embodiments, more than one seal layer 820 may be used to seal the 
20 cavities 806. As examples of some embodiments, muWple layers may be placed over . 
each cavity 806, half or some selected portion of the cavities maybe sealed with one 
layer with the other half or selected portion of the cavities sealed with another sheet or 
layer, different shaped cavities may use different seal layer, or the like. The seal layer 
820 may have different physical properties, such as tiiose covering the penetrating 
25 members 802 near the end of Ae cartridge may have a different color such as red to 
mdicate to the user (if yisuaUy inspectable) that the user is down to say 10, 5, or other 
number of penetrating members before the cartridge should be changed out. 

Refening now to Figures 74 and 75, one embodnnent of the midrofluidics used 
with the analyte detectmg members 808 in cartridge 800 will now be described. For ease 
30 of illustration, the shape of cavity 806 has been simplified into a simple wedge shape. It 
should be understood that more sophisticated configurations such as that shown in Figure 
73 may be used. Figure 74 shows a chamiel 826 that assists in drawing body fluid 
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towards the analyte detecting members 808. In the present «„lv^ • 

detecting.enU>ers808areshow„^,,ecavity8T6 "^^^ 

* ^ ulc cavity «06. This is purely for ilhich^K,, 

the analyte detecting members 808. We analvte d^. « g«>ove 826 towards 

ui« 15 nas a sealed top formmg a lumen, or still fiirther ih^ « 
exceptforanopeningnearfhen™.*./ ' °' th« groove may be closed 

penmg near the penetrating member exit opening 830 ItshonMi, 
understood that capillary acting k u • "^^M « J"- It should be 

detectingmember808.il,esize location sh, f^''"^*^ »^y»« 
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808 to be provided. la other embodiments, wicking elements or the like may be used to 

draw body fluid from the groove 826 to down to the analyte detecting member 808 via 

' (he through hole or holes 834. 

Referringnow to Figure 77,;a variety ofgroove and analyte detecting me^ 

5 configurations are shown on a single cartridge. These configurations are shown only for 
illustrative purposes and a single cartridge may not incorporate each of these 
configurations. Some embodiments may use any of the detecting members, singly or in 
combination. It should be understood, however, that analyte detecting member 
configuration could be customized for each cavity, such as but not limited to, using a 

10 different number and location of analytp detecting members depending lancing variables 
associated with that cavity, such as but not limited to, the tune of day of the lancing 
event, the type of analyte to be measured, the test site to be lanced, stratum comeum . 
hydration, or other lancing parameter. As a nonlimiting example, the detecting members 
may be moved closer towards the outer edge of the disc, more on the side walls, any 

15 combination, or the like. 

Figure 77 shows a penetrating member 802 in a cavity 838 with three analyte 
detecting members 808 in the cavity. For ease of illustration, the penetrating member 
802 is omitted from the remaining cavities so that the analyte detecting member 
configurations can be more easily seen. Cavity 840 has a channel 8126 with two analyte 

20 detecting mmibers 808. Cavity 842 has a channel 844 coupled to a single analyte 
detecting member 808. Cavities 846 and 848 have oneTand two analyte detecting 
members 808, respectively. The analyte detecting members 808 in those cavities mdy be 
located directly at the penetrating member exit from the cartridge or substantially at the 
penetrating member exit. Other analyte detecting member configurations are also 

25 possible, such as but not limited to, placing one or more analyte detecting members on a 
side wall of the cavity, placing the analyte detecting members m particular arrays (for 
example, a linear array, triangular array, square array, etc. . .) on the side wall or bottom 
surface, using mixed types of analyte detecting members (for example, electrochemical 
and optical, or some other combination), or mixed positioning of analyte detecting 

30 members (for example, at least one analyte detecting member on the substrate below the 
cartridge and at least one analyte detecting member in the cavity). 
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Figure 78 shows an embodiment of cartridge 800 wher^ the a^^^ 
member 850 is located near th. distal end of cavity 806. The analyte detecting n^ember 

850maybeformed.deposited.orotherwiseattacAedth^etothecartrid^ In 
another embodiment, the analyte detecting member 850 may be a well or indentation 
havmg a bottom with sufficient tian^arenoy to allow aa optical analyte detecting 
member to detect analytes in fluid dqn^sited in the well or indentation. The well or 
mdentation may also include some analyte reagent that reacts (fluoresces, changes 
colors or pres«,ts other detectable qmJities) when body fluid is placed in the well a 
stiflfi^er embodiment analytedetectingmember.850mayber^^^^^ 

holethat.allowfluidtopassthe..through.^analytedetectingmember808ona 
subst^te 822 may be attached to the undei^ide of the cartridge 800. accessing fluid 
passmg fron, the cavity 806 down to the analyte detecting member 808 

^»-ti™edabove,the:analytedetectingmembers808,nay^^^ 
aUhemnned.atevicinityorshghtlysetbaakfiomthemodule^^^ 

that low blood vohm^es will still reach the analyte detecting member. Iheanalyte 
detecting members 808 may be u^ ^ low vohm.es such as less than about 1 

imcromerofsample.prefe.blylessthanabout0.6microhte.. 
about 0.3 microliter, and most preferably less than about 0.1 .microhter of sample 
Analyte detecting members 808 may also be directly printed or formed on the bottom of 
the penetrating member cartridge 800. Jn one embodiment, a multiplicity of 

nuniaturizedanalytedetectingmemberfieidsmaybeplacedonthefloorofthera^^^ . 
cavity or onthemicroflmdicmodule to allowmany tests onasingleanaly^^^ 
^gle drop of blood to improve accmacy and precision of measurement Although not 
lumted in this manner, additional analyte det^g n.ember fields or regions may al«> be 
mchided for cahbration or other puiposes. 

Referring now to Figures 79-84, iurther embodiments of the cartridge 800 will 
nowbedescribed. ^gure 79 shows a cartridge 860 having a half-circular shape. Figure 
80 shows a cartridge 862 in the shape of a partial curve. Figm. 80 also shows that the 
cartndg^ 862 may be .tacked in various configurations such as verdcally. horizontally 
ormoth^orientabon.. Figure81 d,owsacartridge864havmga«,bst^^^^^ 
linearconfiguration. Kg-e 82 shows a plurahtyofcartridges 864 arranged to extend ' 
radrally outward from a center 866. Each cartridge may be on a slide (not sko^ for 
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simplicity) that allows the cartridge 864 to slide radially outward to be aligned with a 
penetrating member launcher. After use, the cartridge 864 is slide back towards the 
crater 866 and the entire assembly is rotated as indicated by arrow; 868 to bring a new 
. cartridge 864 into position for use with a penetrating member driver. Figure 83 shows a 
5 still further embodiment where a plurality of cartridges 800 may be stacked for use with 
a penetrating member driver (see Figure 85). The driver may be moved to align itself 
with ea(A cartridge 800 or the cartridges may ^ moved to afight themselves 
driver. Figure 84 shows a still further embodiihent where a plurahty of cartridge 864 are 
coupled together with a flexible support to define an array. A roller 870 may be used to 
10 . move the cartridges 864 into position to be actuated by the penetrating member driver 
872. 

Referring now to Figure 85, one embodiment of an apparatus 880 using a radial 
cartridge 800 with a penetrating member driver 882 is shown. A contoured surface 884 
is located near a penetrating member exit port 886, allowing for a patient to place their 
1 5 finger in position for lancing. Although not shown, the apparatus 880 may include a 
human readable or other type of visual display to relay stsKtus to the user. The display 
may also show measured analyte levels or otho: measurement or feedback to the user 
without the need to plug apparatus 880 or a separate test strip into a separate analyte 
reader device. The ^paratus 880 may include a processor or other logic for actuating 
20 the penetrating member or for measuring the analyte levels. The cartridge 800 may be 
loaded into the apparatus 880 by opening a top housing of the q)paratus which may be 
hinged or removably coupled to a bottom housing. The cartridge 800 may also drawn . 
into the apparatus 880 using a loading mechanism similar in spirit to that found on a 

■ * * • * 

compact disc player or the like, hi such an embodiment, the apparatus may have a slot 
25 (similar to a CD player in an automobUe) that allows for the insertion of the cartridge 
800 into the apparatus 880 which is then automatically loaded into position or otherwise 
seated in the apparatus for operation therein. The loading mechanism may be 
mechanically powered or electrically powered. In some embodiments, the loading 
mechanism may use a loading tray in addition to the slot. The slot may be placed higher 
30 on the housing so that the cartridge 800 will have enough clearance to be loaded into the 
device and then dropped down over the penetrating member driver 882. The cartridge 
800 may have an indicator mark or indexing device that allows the cartridge to be 
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al«>bevrieds„^toM«ea„,tt^^.. ."r^^^^ "'«*^-T surface, aa, 
Sni^fe device f<,, ,„„^ 

Docte 38187-2602 has a ri^, , ^ WBcaBom Atomq, 

l«driva„«„aria,i„dic,edb3.a^„8,4. . „„, ,, ^•«*"i^'»"bern,ay 
»ej>resaile<lMiaroI1895tliatislaidi)i,i » """alyle daecling 

members 

p'-.oraaa,..de^„^^_,^^^2,'::::r'"T"*^' 

•«aiyte detecting member disc (not 
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shown) is oriented in a plane substantially orthogonal to the plane of cartridge 500. The 
analyte detecting matnber disc may also be at pth^ angles not parallel to the plane of 
cartridge 500 so as to be able to rotate and present new, nnnsied analyte detecting 
member in sequence with new unused penetrating members of cartridge 500. 

* • ' . ' - ' ' 

5 Referring now to Figure 87A, the cartridge 500 provides a high density 

packaging system for a lancing system. This form factor allows a patient to load a large 

* ■ 

number penetrating members through a single cartridge while maintaining a substantially 
handheld device. Of course such ^ cartridge 500 may also be used in non-handheld 
devices. The present cartridge 500 provide a high test density per volume of the 
10 disposable. For embodiments of a cartridge that includes analyte detecting members in 
addition to penetrating members such as cartridge 800, the density may also be measured 
in terms of density of analyte detecting members and penetrating members in a 

• • • ■ 

disposable, hi other embodiments, the density may also be expressed m tenns of smalyte 
detecting members per disposable. For exmiple, by taking the physical yolume of one 

15 embodiment or the total envelope, this number can be divided by the number of 
penetrating members or number of tests. This result is the volume per penetrating 
member or per test in a cassetted fashion. For example, in one embodiment of the 
present invention, the total volume of the cartridge 500 is determined to bie 4.53 cubic 
centimeters, hi this one embodiment, the cartridge 500 h61d|s 50 penetrating members. 

20 Dividing the volume by 50, the volume per test is arrived at 0.090 cubic c^timeters. 
Conventional test devices such as drum is in the range of 0.720 or 0.670 cubic 
centimeters and that is simply the volume to hold a plurality of test strips. This does not 
include penetrating members as does the present embodiment 800. Thus, the present 
embodiinent is at a substantially higher density. Even a slightly lower density device 

25 having penetrating members and analyte detiecting members in the 0.500 cubic 

centimeter range would be a vast inq>rovement over known devices since the numbers 
listed above for known devices does not include penetratmg members, only packaging 
per test strip. 

Each penetrating member (or penetrating member and analyte detecting member, 
30 as the case may be ) may have a packing.density, or occupied volume, in cartridge 500. 
In various embodiments, the packing density or occupied volume of each penetrating 
member in cartridge 500 may be no more than about 0.66 cm3, 0.05 CTn3, 0.4 cm3, 0.3 
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^, 020^ y c^. O^Sc^, 0.05 »3. o.OZS cp^. 0.0, ^. 0.090 c^. o oso 

m«*=r, 0.05 on,3,l«,»,„,«^ 
o^^e.^^g.^.0^,,,.^^ 

0.075 „„5 ^^^^ 

>f d» tool p«=b,e votane of 4c ca^idgc is deib^d as X ^ u,. c^Vig, indufe y 
^te of p«e«i,^„emb«s. p«,*,S.g„«,t^ ^ 

the volume to eacS ™, dc«, .„, «c«d 0.66 om3, 0.05 c^, 0.4 cm3. 0.3 aD3 Oa ' 
^. 0.. ^. 0.075 o^. 0.05 00^. 0.025 «3. 0.0. om3. 0.OSO c.^. p.ojoU. „,d 
the like. * 
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^ «^*"-'"Kg.„87B,,«niMe,»,bodto,e„,,f,^,^.^ 

K.n,over«l,aUy<»«,arfasMc««H»,™„897. In a„otee„,lK«ta««. U„ 
J«.«,aS„g 1» oriental to .«,ve «dially inward as Moaed by a™„ 895 

The gnppcr may 1» p„a«„«, to o^ag. tt>.p=,*atog o«^,, fi„„ 3. ^ 
or an outer surface of the cartridge. 

'^'«»e"»»'»K8»»88,mno,vim,n„0'atol,e.sedtoer^to„™t^ 
^y<edeleodngn,e.4«sns^„ia,a„^,,,5^ Itaher details of a nano™ 
devK:e ,s described io eommonly assigned. eop«di„g VS. Previsional Paten, 

Applieation Ser. No. _ (AU^,^^ „„. 35 , 87-2605) fled Deeember 

1 3. 2002. iidly inco,,^,^ 1^ ^ ^ 

analjle delectog n»mben, 898 may be i„eo,p,«ed Wo a. eavity 806 tensing U,e 

peneMing member 802. They ma, be plaeed on 0.. floor 0, b«tom snrfaee of .he 
cv..y 806. on Ure „a«. „. ,he top surface „ ».yeo„>bi„aricns of some „ al, of drese 

pos=b,W.es. The a^dyle detcctog members 898 may b. designed to have diar«,i 
M«nl.v,ft, ranges so as to^anee ibc overall sensiWly of an amy of s„eb analyte 

delecting memb«s. Methods to «*ie,e this may inehde. bu, sr. no. limited to, using 
nanowes of vaoing sizes, varying the mm,ber of nano^res. or varying the amount of 
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glucose oxidase or. other glucose detection material on the nanowires. These nanowire 
analyte detecting members may be designed to use low volumes of body fluid for each 
sample, due to their size. In some embodiment^, each of the analyte detecting members 
are accurate using volumes of body fluid sample less than about 500 nanolitets. In some 

* ^ * 

5 embodiments, each of the analyte detecting memb^ are accurate using volumes of body 
fluid sample less than about 300 nanoliters. In still other embodiments, each analyte 
detecting member is accurate with less than about SO nanoliters, less than about 30 . 
nanoliters^ less than about 10 nanoliters, less than about 5 nanohters, and less than about 
1 nanoliters of body fluid sample, hi some embodiments, the combined array of analyte 
1 0 detecting members uses less than 300 nanoliters of body fluid to arrive at an analyte 
measurement 

. . Refening how to Figure 89, a still fiirther embodiment of the present invention 
will be described. Figure 89 shows one embodiment of an optical illumination system 
/9ld for use with optical analyte detecting members (Figyre 91) that may be in contact 

1 5 with a body fluid sample. The overall system may include a plurality 6f analyte detecting 
members which provide some optical indicator, a light source 912 for providing light to 
shine on fiie analyte detecting members, at least one light detector 914, and a processor 
(not shown). The analyte detecting member or analyte detecting members are exposed to 
a sample of the fluid of unknown composition. A plurality of analyte detecting members 

20 may be airanged into an array of analyte detecting members exposed to one fluid sample, 

each group targeting a specific analyte and may contain an analyte-specific chemical that 

interacts more specifically with one analyte than with some other analytes to be 

analyzed. Each analyte detecting member may also have different sensitivity ranges so as 

. .. • • ' 

to maximize overall sensitivity of an array of such analyte detecting members. The Kjght . 

25 source 912 shines Ught on at least one analyte detecting member to cause fight . 

. interaction. The differences in the analyte detecting members may lead to difTerences m 

• • • • 

the fight interaction. The Ught detector detects the fight interaction by the analyte 
detecting members. The processor analyzes the fight interaction by the analyte detecting 
members to take into account interference in fight interaction among the analytes, 
30 thereby determining the concentration of the desired analyte in the fluid. 

Referring still to the embodiment of Figure 89, the light source 912 may be but is 
not limited to an LED. An alternative LED 91 5 may also be used with the present 
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t - . 

.,*hoi.9.6. a and . to9,8 
^*r, « K . a lens The light then coines into contact 

1=. .igt. »^ ^ ^ ^ 

"»l«elevek Tk-ni • .■ °™I»«»s«>r (not shown) to 

■ SIO may ate indndc cells 924™, 1. 

or peoMraling members 928. """S "(her bare lancels 

Keftaing now to Fignte 90. another embodimait of «.» in,™ « 
ia shown for nse ™a a ^ ^."^^ '^°*<'° 

Cmnda>929U, ■ . to cartridge 800. 

plasty of opfcd anaWe deteoing member („, ^j, ^ ; 

■nclndeaaphn:aB.y„f„pacanyttan!fa™,p„rti„„030„„,. """f^**"""" 
to™Ktowaor.hehkefor.b.hgh.4l^^T V 

09Q T , ^^^^***^^e™toacavityofthecartrir1op 

^in o^ ^b^hmen.. each cavity or .he cartridge 929 may i^hde a. r 



25 



30 



^""6«i«aie energy that may be read bv 

-I^de,.chngm«nhe,914. Il.ecartridge929mayb.nsedadnver 882 to ach!l 
peneltalmg members and the cartriHo.<K>o "erooztoachiale 

"°''""<«"''se!29may,Maleasmdioat«ibyartow931 

■^™«°°»"'R8ur.9l.acros«ecUonofasimihrembodi„.„,ofthe ■ 
""»ma«on s>«em i, show. Ma syst^n 932 has source 912 with a i™ • 

^^on«.r934. ™-*.on«cr9Hinoneemhodhn:r:^^:r™*"" 

:^sTZZ ™'^'"- — ---".^^Jpaastodich.. 
■m™ 935, bw does not let 1. „*,„. to source 912. BratatiM, ener-v is reflect ^ 
as indicated by anew 936 l^nir . ™™aS'B reflected down 

n.ember938 ^^J^^ '^^'^ «"«8y to optical analyte detecdng 

m-ber 938. Fluo^ce energy 939 passes d.ongh the dichroic mhror 935 J 
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towards a fluorescent filter 94Q. . M one emlxHliment, the flu^ 
allows fluorescmt . energy to pass through to l«is 941. Thus, ^ 
receives fluorescent energy firom the analyte detecting member 938. It should be 
understood of course, that the filter may be changed to allow the type of energy being 
5 generated by analyte detecting member 938 to pass. In some embodiments, no filter may 
be used. The dichroic mirror 93 5 may be a Bk7 substrate, 63x4Qx8nmi. The filters may 
also be a Bk7 substrate about 4(hnm in diametCT and about 6nmi^to^ The lens 933, 
937, and 94i may be achonnat:bfl=53.6, worldng aperture 38mnL 

Referring now to Figure 92, a stiU further embodiment of an iUimm 
10 942 will be described. This system does not use a beamsplitter or dichroic mirror, 
instead, both the source or LED 912 and detector 914 have direct line of sight to the 
optical analyte detecting member 938. In this anbodiment, multiple el(^^ 

combined into a single housing. For example, lens 943, lens 944, and filter 945 are 
combined while lens 946, lens 947, and filter 948 are also coinbined. 
15 Referring now to Figure 93, a cross-section of a system similar to that of FigOT 

89 is shown in a housing 950. LED 912 sends light to mirror 919 to a light path 951 to 

• • 

cells 924 on a surface of the disc. A finger access 952 allows a sample to be obtained 
and flow along a fluid pathway 953 to be anal}^ed. A processor 954 may be coupled to 
detector 914 to analyze the results; 
20 Referring now to Figure 94, a cross-section of a system similar to that of Figure 

• • • 

90 will be fiirther described. This shows a cartridge 929 used with a driver 882. This 

". • " * ■ • ■ 

allows for a radial design wheafe the pmetrating members extend radially outward ^ 

• • « 

indicated by arrow 955, The driver 882 may have a coupler portion that reciprocates as 

indicated by arrow 956. Figures 95 and 96 provide further views of a system similar to 
25 that of Figure 89. The embodiment of Figures 95 and 96 may include additional lenses 

or filters as may be useful to refine energy detection. - 

Although discussion of the devices desmbed herein has been directed primarily 

to substantially painless methods and devices for access to capillary blood of a patient, 

there are man^. other uses for the devices and methods. For epcample, the tissue 
30- penetration devices discussed herein could be used for substantially painless delivery of 

small amounts of drugs, or other bioactive agents such as gene therapy agents, vectors, 

radioactive sources etc. As such, it is contemplated that fiie tissue penetration devices 
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and lancet devices discussed herein could be used to deHvery agents to positions within a 
patient's body as well as taldng materials from a patient's body such as blo^^^ 
fluid, spinal fluid and the like. Drugs delivered may include analgesics that would 
fbrther reduce the pain perceived by the patient upon penetration of the pati^^^ 
5 tissue, as well as anticoagulants that may facilitate the successful acquisition of a blood • 
sample upon penetration of the patient's tissue. 

Refeaing to FIGS. 97-101, a device for injecting a dfug or other useful material 
mtothetissueofapatieutismustrBted. Hie ability to localize an injection or vaccine to 
a specific site withm a tissue. lay«s of tissue or organ within the body can be important 
10 For example, epithehal tumors can be treated by injection of antigens, cy^^^^ 
colony stimulating factor by hypodennic needle or Wgh-pressure injec^^ 
the antigen to enter at least the q,id«mis or the dermis of a patient Often, the efficacy 

<>f*drugorcombimdondmgtherapydependsontargeteddehve^ 
thus affecting treatment outcome, 

15 ^«^'»^'y*<>««=«^tely deliver dnigs or vacdnati^^ 

the skm or tissue layer may avoid wastage of ^pensive dnig therapies the,^^^ 
impactmg cost effectiveness of a particular treatment In addition, the ability to deliver a 

drug or other agent to a precise depth can be a clear advantage where the outcome of 
treatment depends on precise localized drug deKvery (such as with the treatment of 

mtralesional immunotherapy). Also,rapidinsertionvelocity of a hypodermic needle to a 
precu^e predetennined depth in a patient's skin is expected to reduce pain of insertion of 
the needle into the skin. Rapid insertion and penetration depth of a hypodermic needle 

or any other suitable elongated dehveor device suitable for pendrating tissue, can be 
accurately controlled by virtue of a position feedback loop of a controllable driver 
coupled to the hypodermic needle. 

FIG. 97 illustrates 1001 distal end 1001 of a hypod«mic needIe 1002 being ' 
dnven into layers of skin tissue 1003 by an electromagnetic controllable driver 1004. 
The electromagnetic controllable driver 1 004 of FIG. 79 can have any suitable 
configuration^ such as the configuration of electromagnetic controllable drivers discussed 

above. ThelayeiBofskin 1003 beingpenetiatedincludethestratmncomeum 1005 the 
stratum lucidum 1006. the stratam granulosmn 1007. the stratum spinosum 1008 the 
stratum basale 1009 and the dennis 101 1 . The thickness of the stratum comeom'lOOS is 
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typicaUy about 300 micrometers in thickness. The portion of the epidamis exchiding 
the stratum comeum 1005 inctodes the stratum liicidum 1006, stratum granulosom 1007, 
and stratum basale can be about 200 micrometers in thictoess. The defl^ 
1000nricrometersinthickness.InnG.97,anouaetportl0i2ofthehw>odeim^^ ' 

5 1002 is shown disposed approximately in the stratum spinosmn 1008 layer of the skin 
1003 injecting an agent 1013 into the stratran spmosum 1008. 

HGS. 98-101 iUustrate an agent injection module 1015 including an injection 

member 1016, that includes a collapsible canista 1017 and the hypodemuc n^^^ 

that may be driven or actuated by a controUable driver, such as any of the controUable 

[0 drivers discussed above, to drive the hypodennic needle into the skin 1003 for injection 
of dnigs, vaccines or the like. The agent injection module 1015 has a reservoir, which 

can be in the form of the coUapsible canister 1017 having amain chamber 1018. such as 
shown in FIG. 98, for the drug or vaccine 1013 to be injected. A cassette of a plurality 
of agent injection modules 1015 (not shown) may provide a saties of metered doses for 
15 long-term medication needs. Such a ca»ette may be configured similarly to the module 
cassettes discussed above. Agent injection modules 1015 and needles 1002 may be 

disposable, avoiding biohazard concerts fiom unspent drag or used hypodermic needles 
1002. The geometry of the cutting facets 1021 of the hypodermic needle shown in FIG. 
79. may be the same or similar to toe geometry of thecutting facets of the lancet 183 

20 discussed above. 

Inherent in the position and velocity control system of some embodiments of a 
. controllable driver is the ability to precisely determine the position or penetration depth 
of the hypodermic needle 1002 relative to the controllable driver or layers of target tissue 
ox skin 1003 being penetrated. For enibodiinents of coiitrollable drivers tiiat use optical 
25 encoders for position sensors, such as an AgUent BEDS 9200 series, and using a 

edge detection algorithm, it is possible to achieve an in plane spatial resplution of +/-17 
pmindepth. if a total tissue penetration stroke is about 3 mm in length, such as might 

be used for intradermal or subcutaneous injection, a total of 88 position points can be 
resolved along tire penetration stroke. A spatial resohition tins fine allows precise 

30 placementof a distal tip 1001 oroutletport 1012 of the hypodermic needle 1002 with 
respect to the layers of tiie skin 1003 during dehvery of ti»e agent or drug 1013. to some 
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enAodiments. a d%Iacementaocun,cy of better than a^^^ , 

inothe.a.,.ce..taco^,o.bett.t.a..a^^^ 

The agent injection module 1015 inriiirfo„*u • • " 
• ,^ """"^^''^^fie injection member IjOI 6 which 

oflheramaon phase. ^'"^ »«»*<»»>y dnimganypart 

dMal^ ,001 Of ^iypodenric^a ,0«2. 
.■««..o*es.a«l<«7ofa.,«p„,™^ 

! "»«i«»tal013ft«olhocolla|Kibb(»mslerl017. 8 ae 

Aproximalplatel031<iisposedalaproidiiial<ai<l1oi7„f.t „ , 
lOnissHdm.lvCHH. . '''™™^""'M2oflhecollapsibleoadst«r 

1017 IS shdmely fitted to apoxtaal portioi, 1033 of a» shaft 1027 of the hvn^™- 

«.=^el«»^«,a3hd.,sea,1034.^s«,s.,,03.p„:::^^r 
Of«.eh^„de™coe«i,el002. H^di&gsealaliowsfcp.oximalplate ,03, of .he 
.025of0.eco,,aps.h,ecao..e,1017. Ad™,doseo»yho,„aded ta,o a.e„ai„ohIhe, 
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1018 Of the coU^sible canister 1017 during manufacture, and the entire assembly 
protectedduringshippingandstotagebypackagingandgaidefins 1035 surrounding the 

drive head slot 1036 of the agent injection naodule 1015. 

Aninjectioncyclemaybeginwhentheagentinjectionmodulel0l5isloaded 

into a ratchet advance mechanism (not sho^). and registered at a drive position with a 
driveheadl037ofthehypodermicneedlel002engagedinthedrivecouplerl85. The 

position of the hypod«mic needle 1002 and collapsible canister 1017 in 

position is shown in FIG. 99.. 

Once the drive head 1037 of the agent injection module 1015 is loaded into the . 

driver coupler 185. the controllable driver can then be used to launch the injection 
member 1016 including the hypodennic needle 1002 and coUapsible canister 1017 
towards and into the patient's tissue 1 003 at a high velocity to a pre>Kietermined depth 
into thepatienfs skin or other organ. Ihe velocity of the injection member 1016 at the 
point of contact with the patienf s skin 1003 or other tissue can be up to about 10 meters 
per second for some embodiments, specifically, about 2 to about 5 m/s. In some 

eoj^ents. the velocity of the injection member 1016 may be about 2 to about 1 0 m/s 
atthepointofcontactwiththepatienfsskinl003. As the collapsible camster 1017 
moves with the hypodermic needle 1002. the proximal plate 103 1 of the coUapsible 
canister 1017 passes between two latch springs 1038 of module body 1039 that snap m 
behind the proximalplate 1031 when the colMible canister 1017 reaches the end of toe 
penetration stiwke. as shown in HG. 100. 

The controllable driver then reverses. appUes force in tiie opposite retrograde 
direction and begins to slowly (relative to the velocity of the penetiration stroke) retract 
the h^ennic needle 10(fe. m hypodermic needle 1002 slides through the shdmg 
seal 1034 of the coUapsible canister 1017 while carrying the ^stal plate 1025 of the 
coUapsiblecanisterwithitinaproximaldirectionrelativeto the proximalplate 1031^ 

the collapsible canister .1017. Tins relative motion between tiae distal plate 1025 of the 
collapsible canister 1017 andihe proximal plate 1031 of the coUapsible canister 1017 
causesthevolumeoffliemamchamberlOlStodecrease. Tl.e decreasing vohmxe of the 
main chamber 1018 forces the drug or other agent 1013 disposed within the mam 
chamber 1018 of the collq>sible canister 1017 out of the main chamber 1018 mto the 
iriet port 1022 in the shaft 1027 of the hypodennic needle 1002. The mlet port 1022 of 
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.he hj^. ^lote ^i. ^^^^ 

d^beri018ofa«coll3pdbbcam»terl017te*>™i„no.80. IIh, tag 
Ihea passes tb™.gh to cow »™„ , 023 of to Mow ^ 1 027 of tt. 

"«''='«««^"«--i^ita,to„u4^port,o,2au«disw.„dioor„f 

k«»de«o,»edl.,0a2i.u,to.a^«U^,„„3^ •n.e,ateofperii,sio..ffl«d™,or 
oto ,0,3 b. ^ ^ ^ 

«» conapsible canisla ,017. lie »,e of jWfWon .bo W de.co^ 

" '^^ -"""^ '^-- "^ or diameter 

Of to =««al tao« ,023. to i,^, p™„022. or to ^ ^ ,o,2 of to hypoden^o 
10 . iiee(llel002,a»weBa.otorpanim6teB. »<««nmc 

^ •^'^P'°^^8^««."c«»,ste,keoftoh,pode=,,io„«d,e,^ 
d™gdeBveryco^«flfl«^^,„„„,^^^,^.^^^^^^^^ 

My coBapsed shown iaHO. ,0,. A, ftispoH to drive co«p,er ,85 ™y co«tae 
to,««»«edo„Bfl«,d»vehead,037 

15 '^'^«-1041be*eo,todisWp,a,e,„25oftochan,be,a„dtoh,pode.^ 
«-Me ,0(0 IMH ano™,g to drive ampler , 85 to leftta to a starttog p«iMo„ ^ ^ 
disla, tip ,001 of toh,pod«^ needle ,002 cao be driven .„ ap^se p.«,a«o„ 

wi,^ to assne ,003 of to pafa. nsing any of tometods o, devices discnssed 
above ™d,«garf u, achieving a de*edpene.«ion depU, nsinga c^n^ driveror 

'0 any other suitable driver. 

m another eo^bodhnent. the agent ii^ection naodnle 1015 is loaded into a ratchet 
advancen^echanism that inchKles an adjustable or movable d,-^^^ 
«hown) that poddoBS the agent injection 1 015 module relative to a skin contact point or 
surface 1042. this way. an agent deKvery module 101 5 having a penetration stroke of 
predetennined feed lengft, such as shown in ETGS. 99-101, reaches a pr^settable 
penetration depth, movable stage remains stationary during a drug delivery cycle. 

™ of this ^nbodimen, the moveable stage motion may be coordinated with a 
withdrawal of the hypod«mic needle 1002 to further control the depth of dmg delivery. 
In anofter embodiment, the latch springs 1038 shown in the agent injecfa^^^^ 

module 1015 of PIGS. 99-101 may be molded with a number of ratchet teeth (not 
shown) that engage theproximal end 1032 of the collapsible canister 1017 as it passes by 
on the penetration stroke. If the predetennined depth of penetration is less than the full 
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stroke, the intennediate teeth letain the proximal end 1032 of the collapsible camster 
1017 during the withdrawal stroke in order to colhyse the main chamber 1018 of the 
coUapable (^ster 1017 and dispense the drug or agent 1013 as discussed above. 

In yet another embodiment, drive fingers (not shown) are s^mred to an actuation 
mechanism (not shown) and replace the latch springs 1038. The actuation mechanism is 
driven eiectronicaUy in conjunction with the controllable driver by a processor or 
contrpUer, such as the processor discussed above, to conteol the rate and amount of drag 
dehv^ed anywhere in the actuation cycle. ITiis «nbodiment aUows the deHvery of 
medication during the actuation cycle as weU as the retraction cycle. 

Inherent in the position and velocity control system of a controUable drivCT is the 
abihty to precisely define the position in space of the hypodemric needle 1002, aHowing 
finUe placemoit of the hypoderaiic needle in the skin 1003 fia injection of drags, 
vafccines or the like. Drag dehvery can be discrete or continuous dependmg on Ibe need. 

Referring now to Figure ItG, a still fiirther embodSment according to the present 
invention will be described. Figure 102 shows an embodiment of acartridge llOOthat 
includes a plurality of hypodermic needles 1002 coupled to a coDapsible camster 1017. 
Shnilar to the devices shown in Figures 99 to lOU each of the canisters 1017. The 
cartridge 1 100 may be designed to indude latch springs 1038 that snap in behmd. 

proximal plate 103 1 when the collapsible camster 1017 reaches the end o f the 
20 penetration stroke, similar to that of Figure 100. The canisters 1017 in the cartridge 1100 
may aU contain the same material for injection. M other embodiments, the canisters 
1017 may contain different materials, such as but not hmited to, every other canister 
1017 having the same material, each canister 1017 having a different material, the 

canisters 1017 arranged so that there are three different types of irgection materials in 
25 each cartridge, or any other number combination of materials. 

Referring now to Figures 103 and 104, some embodhnents may inchide more 

than one injection material per canister 1017. Figure 103 shows a canister 1017 having a 
septum 1 1 1 0 that allows the simultaneous injection of two materials through a needle 
1002. hi some embodiments, a seal 1112 may be included to prevent mixing of the 
materials prior to use. Of course. Figure 104 shows a still fiirther embodiment where a 
seal 1 1 14 separates two materials in the canister 1017. A piercmg tool 1 1 16 may be 
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included topiercetheseal 1114. It stould be understood that one of skill m art „.ay 
use a third chamber 11 17 (shoM^ in phantom) or any combination of the above • 
Referring now to Figure 105. some embodiments of the present invention may 
mclude additional devices for controlling dq,th. A first actuator 1 120 may be inchided 
to drive the needle 1002. The second actuator 1 122 n,ay be used to brake and/or grip the 

drive shaft 1 124 and will hold the shaft 1124 in podtion. A third actuator 1 m 
mcluded to move a bar or endstop 1 1 28 to compress the canister 1 01 7 to inject the fluid. 

Iri some embodiments, the second actuator 1 122 may be removed. In s^^ 

configuration, the third actuator 1 128 will be used as an adjustable endstop. ]to 
configuration, the third actuator 1128 will hold the bar or endstop 1 128 at aposition that 

may be adjusted dq,euding cm the desired depth of injection. With the position 
determined, the first achrator 1 120 may drive the cam'ster 1017 until the canister hits the 
. stop 1 128 and then begins to inject fluid. 

Referring now to Figmre 106, a still further embodiment is show where an 
adjustable endstop IBOisused. The endstop 1130 may be moved by a motor 1132 orit 
may be adjusted manuaDy (not shown) to dial in a desired depth. Variety of different 
motors such as stepper motors or other devices may be used to provide an accurate 
positioning of the endstop 1 130. A gripper block 1 134 may be used to actuate the needle 
1002 and canister 1017. Jn some embodiments, a chassis 1 136 maybe used to integrate 

the gnpper block and the adjustable endstop 1 130. Figure 107 shows another 
embodirnent where a cutout 1 138 is provided to accommodate for the throw of the 
grippor block 1134. 

Refening now to Figure 1 08. the method used with the present invention m^ 
also mvohre preactuating the device to fill the needle 1002 with fluid ftom the canister 
1 017 to prevent the injection of air into the anatomical structure. Urns, cam ster 1017 
may be compressed a selectable amount as indicated in this embodiment by dotted line 
1 140 to release a votome of fluid from canister 1017 to fiU the hmren in the needle 1002 
After the needle has fifled, the entire device may then be lamxched into the anatomical 
structure. In Qther embodiment, a movable device such as a stop 1 130 (not shown) may 
be used to push in the fiont of the canister 1017 as indicated by dotted line 1042 to fill 
the hmienintheneedle 1002. Instillfinther embodiments as seen in Figure 109 a 
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vertically movable stop 1 144 may be dropped in to provide the resistance to compress . 

the canister 1 017 from its rest position. 

Referring now to Figure 1 lO/another embodiment of the present invention wiU 

be described. Figure 1 1 0 shows an embodiment where a phjrality of needles 1 002 and 
5 canisters 1017 are arranged to fit in a cylindrical cartridge. One nordimiting example of 
such a cartridge 1 150 is shown in Figure 1 1 1. A plurality of seals 1 152 may be 

■ M. * 1 , 

positioned on the cartridge 1150. In some embodiirients, these seals 1 152 may be 
pierced by a separate punch prior to the actuation of flie needles 1 002. In other 
embodiments, the needles 1 002 may pierce flie seal to break it. Figure 1 12 shows 

10 another embodiment of a cyhndrical cartridge 1 1 60. The cartridge 1 1 60 includes 
fracturable sterility barrier 1 162 covering cavities on the cartridge which house the 
needles 1002 and canisters 1017. A punch (not shown but similar to that used with 
cartridge 500) may be used to break the front portion 1 164 of each cavity to release the 
needle 1 002 therein, prior to launching. 

1 5 Referring now to a still finther aspect of the present invention^ other cylindrical 

cartridges accordmg to the present invention will now be described. As seen in figure 
1 13, a cylindrical cartridge 1 170 is shown for used in body fluid sampling. The cartridge 
1 170 has a sterility barrier 1 162 covering a pluriaUty of cavities housing penetrating 
members similar to those shown in cartridge 500. As seen with the cartridge 1 170, the 

20 analyte sensor 1 172 may be positioned along the irmer diameter of the cyhndrical 

cartridge 1 1 70. In some embodiments, the analyte sensor 1 172 may include a phirality 

of compartments 1 174 and 1 1 76. 

Referring now to Figure 1 14, another embodiment of the present invention will 
now be described. A pluraUty of patent needfe sanipling devices 1 180 are arranged in a 
25 cylindrical configuration. The needle sampling devices 1 180 may be actuated using an 
electric drive device as described herein. Some needle sampKng devices are described in 

The devices 1 1 80 may be actuated outward as indicated by arrows 1 1 82. Some 
embodiments of the drive device may bold the needle sampling device 1 180 in the tissue 

to arrive at a sample. Others may slowly withdraw the needle sampling device 1 180, but 

•* 

30 not to the degree that they are pulled from the tissue prior to obtaining their sample. 

Other may pull out but remain in the body fluid or pull out at a slow rate to remain in the 
fluid that had beaded or formed on the surface. These devices 1 180 may be adapted to 
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beusedwithcartridgelieo. 1170, or any otb^ shaped cartridge as tau^the^ia TW 
may also be used with non-electric actuators. 

RefeningnowtoFigure 115/astiniurther embodim^^^^^ 
embod.mentisdescnT,eA Acylindricalcartridge 1190 holds apl^^^ 
5 membersll92. ^^Penetratingniembe. 1192 n.ay be actuate! as indicated by an^^^ 
1 194 to penetrate an anatoniical stmcture. A pluraUty of sample compart^^ 
fonned on the distal face of the cartridge 1 190. A plurality of analyte detecting n^embers 
1198 may beprinted on amaterial. 1200 and attached to the cartridge 1190. It should be 

undent that more than one analyte detecting member may be coupled to each 

10 compartment 1196. More th^ onexompartment may also be associated with each 
penetr^g member 1 192. 

Refemng now to Figure 1 16. yet another embodiment of the present inv«,iion. 

Figure 116 shows an embodiment having an analyte measurement strip 1210 and a 
penetrating member 1212. lie penetrating member 1212 may be movable relative to the 

s.npl210. ^«°»ovementasindicatedbyarrowl214aUowsthepenetratingmemberto 
extend outward to penetrate an anatomical feature, m some embodiments, the analyte 
measurement strip 1210 ismovable. In other embodiments, the measurement strip 1210 
ismafixedpositionmthecartridge. The penetrating member 1212 may be designed to 
sbde on top of the ship. A sterility hairier 121 6 may be applied to the cartridge to 
mamtainsterihtyprior touse. H^ebanier 1216 may be broken by any of the methods 
descnbed herein, such as but not limited to, a punch, a cutter, or other such device m 
one embodiment, the penetrating member 1212 maybe engaged by a penetrating 
memberdriverinconfiguralionssuchasthatshownFigures 113 or Figure 114 of 
commonly assigned, copending U.S. Patent Application Ser. No. 10/452.815 (Attorney 

DocketNo.38187-2663)£ledonMay30.2003andiullyincoiporatedhereinby 
reference for all purposes. As a nonlimiting example, the penetrating member 1212 may 
be engaged by a penetrating member driver fiom on top, from the inside diameter, or 
from behind. 

Refiling now to Figure 1 1 7, this embodiment shows the analyte measurement 
slnpl210andpenetratingmemberl212inadiscshapedcartridge. Asinthe 
configuration shown in Figure 1 1 6. the penetrating member 1212 is slidable relative to 
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the measurement strip 1210. The strip 1210 may also be slidable in certain 
embodiments. 

Referring liow to Figure 118, some embodiments with patent needle 1002 and 
canister 1 017 may further mclude a sealing tip device 1220. the tip device 1220 may be 
5 removed by peeling ofif such as shown in Figure 61. The tip device 1220 may also be 
pulled off by the user prior to use. 

Referring now to Figure 1 19 and 120, still further embodiments of an analyte 
measurement strip 1210 is shown with a penetrating member 1212 mounted on top. This 
may facilitate a penetrating member gripper 1222 for gripping the member 1212. The 
1 0 embodiment in Figure 120 shows the penetratmg member 1212 angled to create a woundi 
close the distal tip of the analyte measurement strip 1210. 

Referring now to Figure 121, one embodiment for a device for fluid sairq>ling is 
shown. As seen, a patent needle device 2198 for accurately positioning a patent needle 
200 within the skin layer is shown. The needle 2200 has an opening 2202 for recdving 

15 fluid from the patient 

Figure 122 shows &e vfflious layers of tissue that iieedle 2200 would penetrate 

through, depending on flie body fluid that one wished to sainple. 

Referring now to Figure 123, a module 21 0 is shown with a patent needle 2200. 
The entire device with bellow 221 2 is advanced forward to the position as shown in 
20 Figure 8. This aUows the patent needle to protrude. Refeniiig now to Figure 124, the 
drive couplCT2213 puU backwaid as indicated by arrow 2214 which pulls a plunger (not 
shown) in flie bellows, creating a vacuum which then pufls fluid into the bellows. 

Figures 125 through 127 show a stiU further embodiment of this process in 
action. Agam, a module 2210 is provided. Figure 125 shows the start position. Figure 
25 126:shows an intermediate position when the needle 2200 is extended. Figure 127 shows 
that the coupler 2213 is pull backwards as indicated by arrow 2214 and this draws a 
plunger m flie bellows 2212 which in turn creates a vacuum and puUs fluid into the 
bellows. The fins 2220 may be retracted to bring the needle back into the device. 

Figure 128 shows tiiat the retraction by coupler 2213 wiU cause fluid to flow into 

30 the bellows 2212. 

Figure 129 shows that a plurality of these patent needles 2200 with bellows 1017 
may be arranged in a radial cartridge for multiple samplings. A sunilar device is 
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disclosed in con«norfy aligned copending U.S. Patent AppKcation Ser. No. m/ATJ 813 

(Attpn.eyDocketNo.38l87-2678)fiI^Junell,2003andfiUfyincoq^^^^ 
refer^ce. Refe^g to Pigu« 129, a still li^er eoxb^ 
present invention ^11 be described. Figure 129 shows an embodinient of a cartridge 
5 1100thatincludesapluraKtyofhypodennicneedlesl002couple^ 

The cartridge 1 1 00 may be designed to include latch springs 1 038 that snap in behind 
proxinial plate 1031 when the bellows 101 7 reaches the end of the penet^tion stroke 

]honeembodim«itthelatchspringsi038maybepu3hedbaclcafterthebeBowhas ' 
^«^^*^^«-tfhndandthusdrawtheneedlebackin.ln<»eemb^^^ . 

10 foAshapeddevicel040withhteraUymovabletongs l(M2andl(mmaybensed 

release the latch brings 1038. It should be undenrtood that these needles 200 may be • 

uidividually actuated It should also be understood that electronic 
needletodwellinfi^efleshof thepatient. Mother embodiments, the needle may be 
slowly withdrawn at a rate slower than the inbound avemge velodty. 
15 v«l-typrofflesdisclosedmcommonly.assigned.copea^^ 

Ser.No.6(V476.584(AttameyDocketNo.38187^677)rnaybeusedwiththepr^ent 
mvention. 

Refening now to Figure 130, the area of interest is the velocity profile 1 000 

whdethelancetiscuttingthroughtheskinlaye.sinthefingeruntilitreachesa • 
to P-^«teanineddepth.More^caUy.variatio„oflancetvelodtyto^^^^ 

phasesoftheinbo«ndtn«ectoo.isshowninFigurei30.Inthisembodiment.^^^^ . 
corresponds to the stratum comeum, phase n to the epidennis and phase ffl to the 

denms.Ateachphase(andduringthephase),theoptionsaretomaintaincmrent 
velocrty.increasecunentvelocityordecreasecurrentvelocity. Based on the thiclcness 
of the stratum comeum,velodty could be monitored and changed in this 
9 pomts m the stratum comeum, 6 points in the epidermis, and 29 points in the demris 

u«ng the four edge detection algorithm and the 360 strips per inch encode strip It 
should be noted that although the embodiment of the driver discussed herein produces 

thepreviouslydiscussednumberofmonitoringpointsforagivendisplacement oth^ 
dnver and position sensor embodiments may be used that would give higher or lower 
resolution. 
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For the purposes of the present discussion for this nonlimitmg example, the skin 
is viewed as havmg three distinct regions or tissue layers: the stratum comeum SC 
(Phase the epidermis E (Phase D) and the dermis D (Phase ID), hi one embodimeut, 
the lancet or paietratmg member 10 is accelerated to a first desired velodty. This 
5 velodty may be predetennined or it may he <alculated by the processor during ac^^^ 
The processor is also used to contrbl the lancet velocity in tissue. At this velocity, the 

lancet IQ will impact the skin and initiate cutting through the stratum comeum. The 
stratum corneum is hard/hence in this embodiment, maxnnum velocity of the 

penetrating member 10 may be employed to efifidently cut through this lay^^ 
10 velocity may be maintained constant until the lancet passes through the lay^^ Power 
wiU likely need to be appUed to the lancet drive 12 while the lancet is cutting thro^ 
stratum comeum in order to maintam the first velocity. Average stratum corlieum 
thickness is about 225 jmi. Usmg a fom:-edge detection algorithm for the position sensor 
14 of this embodiment, the opportunity to verify and feed back velocity information can 
15 be carried out at 225/17 or roughly 13 points. In another embodiment accelerating 
through the stratum comeum follov^g impact may hni«oVe cuttiiig effid^^ 

Acceleration may be possible if the lancet not reached its target or desired velocity 
before impact Figure 4 shows Ae result ofmcreasing ((a) arrows, maintaining ((b) 
arrows)orredudng((c)arrows)velodtyonthelancettrajectoryforeachoft^^^ 

20 layers. 

On reaching the epidennis E (Phase n), an embodhnent of a method may 
decrease the velocity ((c) arrows) ftom the first velocity so that tissue compression is 
reduced in this second tissue layer. Thus the lancet 10, in this nonhmiting example, may 
have a second desired velocity that is less than the first velocity. The reduced speed m 

25 the second tissue layer may reduce the pain experienced by the mechano reenter nerve 
cells in the dermal layer (third tissue layer), to the absence of tissue concession effects 
on the dermal layer, however, lancet velocity may be kq)t constant for efficient cutting 
(i.e. second velodty may be mamtained the same as the first velocity), hi another 
embodhnent, velocity may be increased m the second tissue layer firom the first velocity. 

30 inPhasem,thelancetorpenetratingmemberlOmayreachthebloodvesselsand 

cut them to yield blood. Hie mnervation of this third tissue layer and hence pain 
perception during lancing could be easily affected by the velocity profile chosen, hi one 
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embodin^enutlurd desired vdodtyn.^ . 

— zenervestiniulaticmwlulemaintaiari^^ One emboduneot 

; -^^'^-volveredudngvdodtyfl^thesecondvelocity . 
^ -c^eitjustbeforethebloodvesselstobecut. ll^e number of velocity i.easure„,ent 
5 st^s possible for the position sensor des«^-b.d above in the dennis i. approximately 58 

ll^en^er would detenmne the best velodty/cutting proiile by 

J^^^o'^^tofpain on landng. Adding a successful blood s^^^ 
programmable into the device. 

Cuaently users optimize dq,th settings on mechanical launchers by t^^ 
various settings and throu^ usage. setUe on a desired setting based ^ 

Embodimeatsofthedeviceandmethodsdiscussedhereinprovideavarie^ . 
profiles (Figure 130). which can be optimized by theuser for controUed lancing, and 
may mclude: controlling the cutting speed of a lancet with the lancet within the skin- 
adjusting the velocity profile of the lancet while the Wet is in the skin based upon ke 
composition of the skin lay^; lancing according to precise regional velocity profiles 
based on variation in cell type fiom the surface of the skin down through the epidennis 
anddenms; lancingatadesiredvelodty through any tissue layer and varying the 
veloaty for each layer. This may inctode maximum velocity through the stratum • 
comeum. mediation of velocity through epidennis to mimniize shock waves to pain 
sensors in demns. and mediation of velocity through dennis for efficient cutting ofblood 
vessels without stimulating pah, receptors. Additional details may be found in 
commonly assigned, co,pendingU.S. Patent Application Ser. No. 10/420.535 (Attorney 
Docket No. 38187-2664) filed April 21, 2003, included h«ein by reference. 

Refexring now to Figure 131, a still lurther embodiment of an actuator according 

. to the present invention wiU now be described, The present invention relates to an 
actuator 4010 that will launch a lancet .r penetrating member 4020 into s^ 
anatomrcal feature in a controlled mam.er so as to produce a smaU drop of blood or body 
flmd while minimizing patient discomfort. As a nonlimiting example, energy stored in a 
compressed spring gas. or oth«: actuation tedmique is released to actuate a lancet 4020 
Through the use of processor 4012. the motion of the lancet or penetrating member 4020 
as controlled by an iron-loaded fluid 4022 that changes viscosity in response to an 
imposed magnetic field A motor or other device („ot shown) may be used to control the 
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retractiohrateofthelanc6t4020fi^thes!moroft^ » 
should be understood, of course, that other magnetically controllable fluid as know to . 
those skilled in the art may also be used. 

Figure 131 documents the concept of using a magnetic fluid to control the action • 
of a mechanical spring. > the embodiment of Figure 131. energy is Stored in ft^ 

compressed spring and released at the time of actuation. As previously discussed, other 
actuators besides the compressed spring may also be used without departing from the 
spirit of the present invention. The motion of the lancet is coniioUed by means of an 
electromagnet that is arranged to produce a magnetic field in a fluid consisting of fine 
iron particles suspoided in oil. siUcone fluid, or other medium. Whai a magnetic field is 
imposed on the fluid, the iron particles ahgn with the field, and resist motion. Fluid 
finmess increases with field strength^ A suitable fluid can be purchased as MRF-132AI? 
Rheonetic Fluid fix>m Lord Corporation (888) 81 lr5673. 

Figure 132 provide details about launching sind resetting the actuator for the 
present embodiment A firing catch 4030 is shown to hold the spring 4010 in a cocked 
position prior to firing. An optically reflective member such as a flag 4032 is shown 
attached to the lancet coupler 4034 to provide position feedback through an optical 
position transducer, hi some embodiments, flie flag 4032 may be attached to a drive 
shaft (not shown). This feedback allows aprocessor 4012 to modulate tiie current to the 
20 electroma^etic coil or other magnetic field generator as known to one skUled in the art. 
to control the achiation profile of the lancet A disc 4036 is shown attached to tiie 
penetrating member coupler 4034 and the disc is submerged in the rheonetic fluid. 
Suitable seals may be used to contain the fluid while allowing the shaft 4038 to pass 
through tire dasl^jot chamber. In some embodiments, the disc 4036 is mounted about 
25 shaft 4040 and the raitire dashpot chamber is also mounted about a portion of tiie shaft 
4040. A motor 4042, or otiier retraction device is shown to move flie dashpot and cany 
tiie drive shaft back to the cocked position. Tlie motor tiien resets the dashpot to tire 
desired stop position, and the achiation cycle is ready to repeat 

One advantage of tiiis design is tiiat each actuator can be matched to a portion of 
30 the actuation cycle. Rapid energy release is provided by the spring 4010 to bring tiie 
lancet or penetrating member 4020 up to speed, to one embodiment, excess energy 
stored in the spring aUows Uie actaator 401 0 to maintain «ie desired lancet speed 
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Fluid finnness increases with field strength. Such fluid can be purchased as MRF- 
132AD Bheorietic Huid from Lord Corporation (888) 811-5673. A flag is shown 
attached to the drive shaft to provide position feedback through an optical position 
transducer. Ibis feedback aUows a processor to modulate the curf eiit to the 
5 electromagnetic coil to control the actuation profile of the lancet A ^isc is shown 
attached to the drive shaft and submerged in the Aeonetic fluid Suitable seals.are 
required to contain the fluid while allowing the shaft to pass through the dashpot 

chamber. A motor, or other driving device is shown to move the dashpot and carry the 
drive shaft back to the cocked position. The motor then resets the dashpot to the desired 

10 stop position, and the actuation cycle is ready to repeat. The. advantage of this design is 
that each actuator may be matched to a portion of the actuation cycle. Rapid energy 
release is provided by the spring to bring the lancet up to speed. Excess energy stored in 
the spring aUows the actuator to maintain the desired lancet speed regardless of skin 
consistency. The rheonetic fluid in the dashpot, controlled by the electromagnet, 

15 dissipates the excess energy from the spring. Of course, other dashpots or dampers as 
disclosedhadnorasknowntooneofskillintheartmay alsobe.used. In one 
embodiment, a DC reset motor can be driven at variable speeds by controlling the motor 
drive current By this motor, the retraction speed of the penetrating member 4020 can be 
controUed. A second advantage of this invention is that power consumption is reduced 

20 through the use of a small DC motor instead of a solenoid. The motor draws energy 
fitan a battery at a much lower rate and over a longer time, resulting in more efBcient 
battery use: This hybrid device could also be configured to yield a "smart brakm 

pattan so that residual pain is nunimized. 

Referringnow to Figure 136, a still further embodiment of an actuator according 
25 to fhe present invention will now be described, The embodiment in Figure 136 includes 
an inbound drive device 4080 and an outbound retraction device 4082. As seen in the 

Figure 136, the inbound drive device 4080 is in its forward position. The inbound drive 

device 4080 includes a plunger 4084 mounted with a spring 4086. Pulling back on the 
phmger 4084 pulls back on the gripper block 4088 and compresses the spring 4086. In 

30 this embodfanent, a piston 4090 that slides into the damper 4092 also moves with the 
. ptanger 4084. As the plunger 4084 is pulled back, it will come to a position (not shown) 
where the latch 4094 engages the gripper block 4088 and holds the plunger 4084 in a 
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launch position A button or other Jinkfag device xnay be co,^,ed to fte^^^^ 
aUow a user to launch the penetrating manber 4020. 

Refeniig now to Figui^ 137. a cross sectional view is shown of a spring-b^ 
penetr^g niember driver according to the present invention, m th6 embodiment of 

Rsurel37,ag,^erblock4160isnsedtoensageapenetratinsmen,ber402Q Tb. 
mer block 4160 is coupled to . shaft 4162 that has an enlarged end portion 4164 A 
dnve spring 4166 is provided about the shaft 4162 and con^^es between the griper 

block4160andthep.^on4168. Monee.bodin,ent.asecond^^ 
be provided and coupled to the shaft 41 62 and the protrusion 4 168. In such an 

embodiment, the second spring 41 70 may be configured as a return spring to urge 
penetratingmember4020backintothe.cartridge.afterthen.emb« 
IB some embodiments, a soft stop 4172 may also be used to assist the return of Ihe 
P«.etratingrhember4020intothecartridge4i73. A phmger 4174 may be pulled back m 
the direction mdicated by anow 41 76 to place the gripper block 41 60 an^ 
member4020inalaunchconfigoration. Release oftrigger 41.78 will cause the 
penetrating member 4020 to launch. 

Referring now to Figure 138. it shown that in one embodiment where the gripper 

block ext«,ds into the cartridge 4173. the launcher and the carteidge 4173 maybe 
vertically separated as indicated by arrow41 80 to allow the cartridge 4173.which may be 

butrs not limited toadiscshapMo rotate toposition an unu^edpenetratingm^^^ 
contactwiththegripperblock4160. Vertically separating the parts allows the cartridge 
4173 to be rotated without the gripper block 4160 int^fering. Jn other embodiments, the 
gnpper block may be d«rfgned so flrat the penetrating member has a portion that extend 
upwd to eugage the gripper block, instillotherembodiments, the separation betwe^ 
the cartiidge and the launcher may be such that grippe block remains in the cartridge but 
travels m a radial groove and is lifted «,ough to aUow an mrused lancet to be rotated into 
positron. VerticalseparationasshowninFigurel38mayinvolvetheuserphysically 
pulhng the parts away from each other or using cam surfaces such as those shown in 
Figure 55A. 



Referring now to Figure 1 39. a still firrther embodimerit is shown where a 
cartridge 4200 is shown in a cyhndrical configuration. A penetrating member driver 
4202 will be used to engage the penetrating members in the cartiidge 4200. As a 
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nonlimiting exainple. the tover may be 

spring-based device, or other actuator as described herein. Bach cartridge 4200 may be 
rotate clockwise or countaclockwise to positioQ the penetrating members into active 
alignment with the driver 4202. After eadi cartridge 4200 is ready to be disposed, it may 
be moved forward as indicated by arrow 4204 and ejected from the sampling device.. 
AnoUier cartridge 4206 shown in phantom may be move forward by techniques using. 

but not limited to. a st^per motor, mechamcal sHder, or gravity to f eplace the used 
cartridge 4200. Figure 140 shows a stiU ferther embodiment wherein the penetratmg 
member driver 4202 is positioned to be within the center opening of cartridge 4200 to 
engage each penetrating member. As a nonlimitmg example, the cartridge 4200 may be 
advanced by a stepper motor (not shown) or a mechanical sUder mechanism to position 
an unused penetrating member into alignment with the driver 4202. 

Referring now to Figures 141 and 142, fiirfljer embodiments of the present 
mvention are shown where the depth of penetration into tissue may be set, in part, usmg 
a fiont end apparatus 4250. The front end apparatus 4250 is rotated as indicated by 
arrow 4252. Rotation in dther direction will adjust the vertical separation 4254. This 
vertical separation 4254 will change how close tissue maybe placed against the sampling 
device. The greater the vertical separation 4254. the less the penetrating member will 
■ protrude outward, and the less the penetration depth. Figure 142 shows an embodiment 
where the front end apparatus 4250 is recessed. This front end apparatus 4250 may be 
used with any of the penetrating member drivers described herein. 

Referring now to Figure 143. a stiU further aspect of a drive mechanism 

according to the present invention will be described. Figure 143 shows a cam groove 
4260thatisfollowedbypenetntfingmemberdriver. As a nordimitmg example, the 
driver may be a spring based device. THe driver has a protrusion or follower that will 
follow the path provided by the cam groove 4260 to provide a desired velocity profile. 
One known device which also uses a cam groove is disclosed in U.S. Pateat No. 
5,31 8,584, lully incorporated herein by reference. Tbe follower 4262 indicated by a 
circle will foUow the groove downward on the inbound stroke portion 4264. After 
• reaching m«imum penetration, the follower 4262 will travel along the return portion 
4266. This return portion will provide a slower return velocity as the groove 4260 is 
configured at a shallow slope that requires the follower 4262 to follow a longer path that 
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(maxiniuin taiting + depth +thidcest stratum comeum = 1mm + 1mm + 0.6 mm) 2.6 mm 
without consequence. This could xeduce the number of coils in the system, reducing the 
dze of the device and therefore lowering cost. It does require a sUghtly "fatter" set of 
coils since more turns may be used to maintain the drive power as well as a change in the 
slug size (longer) to reach the new spacing distance, but overall size should decrease. 

In another embodiment of the solenoid, the flat coil embodim 
proposed as the first approach for driving the lancet electronically. In one embodiment, 
it uses a metal flag be attached to Ihe penetrating member shaft to drive the lancet rather 
than a itfetal "slug^ This is somewhat disadvantageous to using bar^ 
ihembeis. The motivation for the flat coil configuration was noiniaturization of the driver 
so as to fit in to a handheld glucose spot-monitoring device. Manufacturing of the coils 

» - • ■ 

can be by multi-layCT printed circuit board (PCB) so it is straigjitfprward. Such an 
embodiment is shown in commonly assigned, copending IJ-S. Patent Application Ser. 
No.l(V127,395 Attorney document No. 38187-2551. 

Jb yet another embodiment of the solenoid, the multi-coil penetrating member 
driver wifli programmable excitation of the various energizing coils acting on a movable 
soft-iron "stag" works by timing the excitadon of flie various coils to provide motion in 
flie desired direction. Ja some known configurations, fliere may be a series of stable 
"dead points" where the slug remains stationary unless the local coil is de-energized and 
the next coil is ehragized. This can create an inefficient "bunipy" force proiae. The 
"rail-gun" approach provides a coil configuration for continuous (as opposed to step- 
wise) acceleration of the magnetic slug. It creates the required inhomogeneous rnagnet 
field to propel the slug and the attached penetrating member at a progressively increasing 
speed towards the target At no point does the magnetic field of the coil oppose the 
desired motion of the slug. It facjUtates the "fast entry - delay - slow retraction" mode of 
operation for minimum pain and maximum blood recovery. The coil could be wound 
with an increasmg numbo- of turns from the start point to the end point creating the 
required non-unifomi magnetic field profile. A second coil could be wound in the 
remaining "free" space with increasing turns from the msertion point to the fully 
. retracted poiiit to hnplement retraction of the penetrating member, preferably at slow 
. speed, uang a weaker current feed. This economizes on electric drive power demand 
and uses the available space to the best advantage. Any desired time-dependent-profile 
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with tune for retraction ^casing 



. ^^-^«»«ti*>»''«a^-yalsobedividedintoasetofadjac«^^ 

5 with mcreasingcniiTCntsfroin start point to end iK>m» «fh» ^- 

. . ^ according to positiQn or a.! 

an ^^^gftncs™ ^^^^-J 

NO. 38187-2551, moorporatedherembyrefereiice, 

*«»^«»-'tao"'«So.V.ll.e.e,«^^,e.o,c<h«a.«i^„f„..^^^ 
v^^^on.„ioxce«*w™.aedn,aBogtteco...ls^,^ 

2ed^c^..U.^ei,fl^^e,«i3,»cea«^f„tt..wooapaoi,o.ta 

•"•'°"°*'»°"^'>^"'-^«-S='«--»f«»incr.a.in..e 

) voltage drop. 

m a Itather a^ of tt, p^, j.^^^^ , ^^^^ irt^nnd/eJeoWc 
w.U^w^confi^™„aybon»edf„rp««,,«.,.„^t„^„„^,^,_^ ^ 



i I 



FCT/US2004/017320 

WO 2004/10797D 



78 

Figure 122 shows such an embodiment Cheap mechanical actuation such as spring or 
cam drives 4300 mayhe supplemented by electronic ^thdrawal device 4310 for slow 
outretractionofthepenetratmgmember4020. Allofthe^nbodimentsbelowcanbe 

hybrifeed with a mechanical spring or cam driven mbound actuation. The mechanical 
5 inbound drives430Qmaybeusedwithasoftbraldngmechanismsuchasbutnotli^^^ 

to a soft stop 4312 or any other dampingdevice disclosed herem or known to one of ddll 
intheart. to the embodiment shown in Figure 422, the withdrawal device 43 10 may be 
used to move the entire earner 43 14 having the inechani«d inbound drive 4300. The use 

of electric withdrawal of a penetratmg member 4020 from the anatomical feature at 
10 velocity less than that on the inbound may be used to increase the likelihood spontaneous 
fluidgeneration&omawoundcreatedinthefeature. These components may all be 
contamed in a housing 4320 (shown in phantom) that may optionaUy hicto^ 

adjustable fiont end4322 for adjusting depth of peneteatingmemberpen^^ 

Referring now to Figure 423, the device 4310 is not coupled to the carrier 43 14. 
15 itn,aybeusedtowithdrawthespringla«nchedpenetratingmember4020asmdi^^^^ 
arrow 4324 Ihis allows the spring device to be puDed back and in some embodiments, 
reset for the next lancing event Itshouldbeunderstoodthatthesoftstop 4312 may also 

be configured to be on both sides of the penetrating member as shown in Figure 422. 

hi one embodiment of the present invention, a DC Gear motor may be used as the 

20 device 4310. hi an embodiment similar that shown m Figure 402. spring actuatipn or 

dashpot can be used for the mbound and the spring stays compressed agamst the dashpot 

The motor 4042 drags the dashpot back and compresses the spring on its way. K can 
even r^ock the spring. This is a small DC motor with a speed reducing gear head. Tlie 

DC motor can drive a jackscrew such that the withdraw^ can be achieved m small steps 
25 as required by switchmg the motor on and off (see 4042)..Positipn feedback may be used 

for better control. TTiese motors are cheap and mass manufactared for cameras, toys and 

therefore this would be a cost reduction play. 

hi yet another embodhnent of the present mvention, a stepper motor may also be 

used as the device 4310. The stepper motor can replace the gear motor and tend to run at 
30 a lower speed. It can nm open loop so that position feedback would not be required. 

These motors are precise and would give amore compact package and better control 

method. Inyetanotheremb6dhnentofthepresentmvention,ainductivemotormaybe 
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used ms was the veiy first concept investigated for driving the penetrating member 

due to its ability to move penetrating membeis at high speeds and large throw. . 

Unfortunately it is not very rfficient due hj^teretic losses/^^ 
complicated. 

5 In yet another embodiment of the present invention, a nanomuscle may be used 

as device 4310. Nanomuscle actuaton. are based on shape memory alloys, that..when 
heated, their crystallme structures change and this result in mechaniw^ 
Cunent is passed throng the aUoys to heat them. They claim to be over five times more 

effident than a DC micro actoator of the equivalent size, faster and fighter, h, 
10 embodiment, they are about the dze of a paperclip and are capable of 4,000.000 

actu^ons. Tlere are also supposed to produce rated force over their entire frajectory and 
allowposition,.speed and force to be controlled, in one embodimenVthe extent of the 
nanomuscle stroke is about 4.0 mm. which should be enough to cover shaUow lancing 

dq,th for a range of sldn types. For a higher diqjlacement or throw, several nano- 
muscles could be placed in series, thus raismg the cost. Power consumption in the 

nanomuscle actuator is much less on the retraction phase than the actuation phase, which 

IS. why these devices were suggested W penetrating member withdrawal. 

In yet another embodiment of the present invention, a fiquid magnetic coil may 
be used as device 4310. Energy stored in a compressed spring, gas. or other means is 
released to actuate a penetrating member towards the ddn or an anatomical feature, in 

one nonlimifing example, the velocity trajectory of the penetrating member is 

by an iron-loaded fluid that changes viscosity in response to an imposed magnetic field. 

Tie currait can be switched on when a desired slowing in the spring withto^^^ 

inbound trajectory - see below for details and drawing) to produce a controlled 
25 withdrawal profile. The withdrawal profile could be computer controlled so that 

switching on the field occurs in a specified patt^ to simulate the best profile. 

In yet another embbdim«it of the present imrention, a electromechanical hybrid 
may be used. As a nonlimiting example, cheap electronic drive for inbound (hybrid 
spring and magnetic fluid), combined with cheap electronic for withdrawal using the 
same hybrid design may bea way to design a cost effecfive device with performance 
requirements to achieve low pain and spontaneity. Alternatively a motor can be used to 
control ae retraction rate of the penetratmg manber fiom the skin if it is more cost 
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effective or perfonns better on the withdrawal phase. Many nnniatarized motors tested 
have been deficient in either the mbound speed or the throw, so it may be that two 
different engine types will have to be contemplated to achieve the speed and throw of the 
current design. 

Inyet another embodiment of the present mvention, a hybrid Uquid ma^etic coil 

may be used. A version of the hybrid dectromechancial device for both iactaation and 
retraction is shown below. The electromagnetic field generator 4052 is coupled to a 

power somce 4054 controlled by a processor 4012; 

Some embodiments of the present invention may also be configured to use a 

mechanical inbound with slow mechanical withdrawal or outbound device. As a 
nonlimiting example similar to tiiat used with a cassette player lid, a dashpot device and 
would be coupled with a q)iing. This is a WYSIWYG system, so withdrawal will be at a 
(uncontrolled) \miform rate. No user definable withdrawal profile is the disadvantage of 
this set up. 

15; hi another nonlimiting example, a wax or otiier matadal with high thermal 

coefficient of expansion could be heated. As it expands and displaces a piston, it is 
coupled to a mechanism to withdraw the penetrating inember. Similar to hanomuscle m 

actuation by heating. 

hi a still further nonlhniting example, a piezo electric bendmg mechanism may be 
20 used. There are electromechanical transducarstiiat possess high motion and voltage 

sensitivity. Generally in motor applications two piezoelecteic sheets are bonded together, 
one layer expands laterally and the other layer contracts when an electric field is apphed. 
The opposing strams result in a deflectiim, which is proportional to the appKed voltage, 
generating a displacement at low levels of elechical drive. 
25 hi a still further nonhmiting example, a traction drive may be used. A spinning 

robber tire running at constant speed driven by DC motor drives a flat plate in contact 
wiUi its outer circumference to withdraw the penetrating member and compressing the 
actuation spring This can be used in the same manner to actuate as well as withdraw the 
device. ^ 

* ♦ 

30 Figure 424 shows a schematic view of a penebrating member driver 4350 where 

the drive may be, but is not limited to, a nanomuscle, a liquid magnetic coil actuation^ a 
stepper motor, a microKjlutch device, and an inductive motor. The driver 4350 may be 
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used to provide both inlKJiHid and outbound motion f(« fte peneta^^^ 
attached to a coupler 4034. 

Refemng now to Figures 144 and 145. enrfx)diments of the itf^ 
may comprise kits containing any of the penetrating member actuators 4430 ^sclosed 

herein. ITie kit may further include instnictions for use IFa ^ett^^ 
methods described above. Optionally, the kit may &rther comprise a cartridge containing 
aplurabtyofpenetratingmembers. TTiecartridge4432maybeof anyof the 
e«.bodimen^ disclosed herein. UsuaUy. the Idt components 

apouchPor other conventionalmedicaldevicepa«*aging;such«;.abox, tray tube or 
thelike. In many embodiments, the cartridge win be disposable. The cartridge 4432 
""^yit^^lfbecontainedinaseparatepouchorcontainerandtheninsertedu^^^ 
containerP. In some embodiments, the IFU may be printed on the container P Lia 

°°°ii°^ti"gexample.thecontainerPmayonlycontainana^^ 
cartridge 4432. 

Referring now to Figure 144. embodiments of the present invention may include 
kits that only mclude a cartridge 4432. IFU may also be included. In some 

«nbodiments.apluralityofcarlrid8es4432(showninphantom)maybeinch.ded Any 

oflheelementsinthesefiguresorotherel^nentsdescribedinthisapplicationmaybe • 
placed m the container P, singly or in any combination. It should also be m.de«tood that 
the cartridges maybe of any shape as disclosed her^ and ^rc not limited to disc shaped 
embodunents. 

Refening now to Figure 146, a stUl further embodiment according to thL pr«^ 
mvention will now be described. Figure 146 shows an embodiment of a sampling device 
4448 havmg a pluraHty of penetrating members 4450 housing in a cartridge (not shown) 
m the housing 4452. The penetmting members 4450 may be operatively coupled to a 
penetratingmember driver 4454 to extend the penetrating member 4450 fixan a 
penetrating member exit 4456. M this embodiment, a test strip 4460 may be extended 
outward from a opening 4462 in a housing 4464. It should be midenrtood that in some 
embodiments, the housing 4452 and housing 4464 may be integrated together into a 
single housing. In other embodiments, the housings 4452 and 4464 may be separate 
devices that are coupled together. They may rotate in the same direction or in some 
embodiments may rotate in opposite directions. The housing 4464 may have its own 
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sUder or actuator for extending the test strip 4460 out $rom the housing 4464. The test 
strip may be of a type Imoym to those of skiU in the art for measuring an^ 
fluid. One suitable device suitable for a housing 4464 is described in U.S. Patent 
5,854,074 to Charlton et al.. fuUy mcorporated herein by references for 

5 Although not limited to the foUowing, the penetrating member driver 4454 may b e a 
spring based lamicher or any of the driver or combination of drivers disclosed hCT^^ 

Referring now to Figure 146, a still further embodiment of the present invention 
isshown. 'niecartridge4500includesaplur^tyofteststrips4502. Ihe test strips 4502 
may be oriented as shown or may be configured as indicated by the test strip 4504 

10 (shown in phantom). A second cartridge 4506 containing a phuaUty of penetrating 
■ niembersmaybeplacedorloweredaboutthecartridge4500. to some embodiments, the 
cartridges 4500 and 4506 may be integrated together. The penetratmg members in the 
cartridge 4506 may extend outward as indicated by arrows 4508. to one embodiment, 
the penetrating member extend outward whoi they are in the active position and are 

15 operatively coupied to the penetratmg member driver. Ite test strips may extend 

outward in substantially the same direction as ti»e airows 4508. A suitable device for 
cartridge 4500 is shown in U.S. Patent No. 5,510,266 to Bonner, fully incorporated 
hereto by reference for all purposes. 

Refeiring now to Figure 147, yet another embodmient of the present mvention is 

20 shown. A cartridge 4500 is shown havmg a plurality oftest strips 4502. to some 

embodiment^, the test strip 4502 is raised so that the strip is brought near but is not 
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may pierce the test strip 4502. A housmg (not shown) may be hnplemented hold these 
devices in the orientations shown. 

Referring now to Figure 148, a still further embodiment of a cartridge 4520 
according to the present invention is shoiwn. Ihere are portions 4522 where a plurality 
of penetratmg members 4524 are housed; A penetratmg member coupler (not shown) 
may be moved as indicated by anows 4526. to another embodmient. the entire cartridge 
is rotated as indicated by arrow 4528. After the cartridge 4520 has made one complete 
revolution, the penetratmg member holder maybe moved over one position as mdicated 
by anew 4526. Hie entire cartridge 4520 is then rotated agam through one revototion. 
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A reader module 222 is disposed over a distal portion of the sampling module 
209 that is loaded in the drive coupler 213 for use and has two contact brushes 224 that 
are configured to align and make electrical contactwith analyte detecting member 
contacts 225 of the sampling module 209 as shown in Figure 77. With electric^ contact 
between the analyte detecting member contacts 225 and contact brushes 224, the 
processor 93 of the controllable driver 179 can read a signal 6om an an^ytical region 
226 of the sampling module 209 after a lancing cycle is complete and a blood sample 
enters the analytical region 226 ofthe sampling module 209. Hie contact brushes 224 
can have any suitable configuration that will aDow the sampling module belt 208 to pass 
laterally beneath the contact brushes 224 and reliably make electricd eontact with the 
sampling module 209 loaded in the drive coupler 213 and ready for use. A spring loaded 
conductive, ball bearing is one example of a contact brush 224 that could be used. A 
resOient conductive strip shs^ed to press against theinside surface of the flexible 

polymer sheet 227 along the analyte detecting member region 228 ofthe sampling 
module 209 is another embodiment of a contact brash 224. 

The samphng module cartridge 205 has a supply canister 229 and a receptacle 

canister 230. The unused sampling modules of the sampling module belt 208 are 
disposed within the supply canister 229 and the sampling modules ofthe sampKng 
module belt 208 that have been used are advanced serially after use into the receptacle 
canister 230. 

As ilhistrated in Figure 15 1, tissue penetrating system 310 can include a 
penetratmgmemberdriver316andapluraUtyofcartridges370. Each cartridge 370 
contains apenetrating member 312. The cartridges 370 can be coupled together in an 
array, which can be a flexible array. A cartridge transport device 372 moves cartridges 
370 into a launch position that operatively coiq)les a penetrating member 3 12 to 
penetralingmember driver 316. A support couples cartridges 370 to define an array. A 
plurahty of sterility enclosures 322 can be provided to at least cover tips of penetrating 
members 312. Sterility enclosure 322 (shown in phantom) is removed fi»m that 
associated penetrating members 3 12 prior to launch ofthe penetrating member 312. The 
enclosure may be peeled away (not shown) in a manner similar to that as seen in Figure 
22B, witii the enclosure 322 on one tape surface being peeled away. The enclosure 322 
may be a blister sack, a sack tigbUy foraied about each cartridge 370, or other enclosure 
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cartndg. 370 »Wch to ™^ ^ ^ 

n«b=, s»«„r, may b. posMoncd to r«me iMd wo»M coated 

p«KtoU.,„«„b„3I2,me„e„berma„,eo.«„»«rid^370or,^b,oa«.e 

device 80. • 

310 molmte cartndge Samport device 372 and a ptoalily of cartridges 370 Bach 
c^dge370iaa=»oda.ed„itt,ap«oWngm«„be,312. Cariridget^d^^ 
3^.»ov««ch^dge370toapcaitatoa«gad»asaoci.todp«^,„^ 

mo^,*m.320. h »ne-bodta«« a, aeeafaHg.^ ,52, aaeh cartridge 370 baa 
»t^«»of.aiaWp<«374andap^«^p„„376. A iin.s«l 378iap.si«a,«, a, 

d«U port, Aa se«.i.ng». ,52. d» »«d 378 n«y b.p,ae«, a,«„di^ 
P«t F-.a«.378ia tort^dofa^a, .batia^ byp.„«^„.„,„3,, 

b.fi»...«lau«b«l Aseco„ds«,380oaab=p„rtlioneda.d.e„teport. B«inb. 
»;^.ted aa, „ay „^ ^ ^ ^ ^ 

andMeachoartridge370canmc»A„a|y„aeport374aBd376. Foreaseof 

to pcoarasag ^^e, 3,2 «ctendi.g ,»,gitodinal,y te,„gb u„, tan„ 
aeoarb,dg.370ia«„,aho™. n»«ab380and378 may be4a«„„bte.»b,fi.™.a 
a« pe»6«ing mad« airf a„ ,3rtridge 370. 

and 380 a„ bn,km. s«l 378 may be also be podaoned to cov» to diaW p« or «i. 

port 374 bei^ a«J«l against to pe„eta«„g member (i.e. covenng to port 

»rto« tonebing to pe«,radng member). A «md seal 381 may bep„siS««d to cover 
» «*anc to sample chamber 384. l»e seal 381 may be conlignred to bo broken when 

topenetating m«„be, 312 is actaafed. A sai:ftrther seal 381 A may be placed in to 

™«*°f»l-»«ngmemb.rmaybeloca,eda.a„ypo^UooakmgO,ehnne„ 
andmayalsobe«orsano«ndedbyoneoftoseab378,381,381A or376 

Refcning so, to Egmo ,52, a cover sheet 383 may be a flexibto polymer sheet 
as descnbed in comm»dy assigned, coporfing U.S. Paten. ApplicaUon S« No 
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10/127^95 (Attorney DocketNo. 38187-2551) med April 19,2002. 

^derstood of comse that the sheet may be made of a variety of materials useful for 
coupling an analytedetectmg member 390. This allows the analytedetectmg member. 
390 to be sterilized separately from the cartridge 370 and assembled together ^th the 
cartridge at a lat«tim<^ This process may be used on certain analyte detecting members 
390 that may be damaged if exposed to the sterilization process used an the cartridge 
370 Of course, some embodiments may also have the analyte detecting member 390 
coupled to the cartridge 370 during sterilization. The cover sheet 383 may also form part 
of the seal to maintain a sterile environment about portions of the penetrating member. 
In other embodiments, the lumen housing penetrating member may be enclosed ^d not 
use a sheet 383 to help form a sterile enviromnent to stiU further embodiments, the 

sheet 383 may be sized to focns on covering sample chamber 384. 

Asi]histratedinFig*el53.cartridge370hasatleastoneport374. Aplurality 

of penetrating members 312 are in cartridge 370. Although cartridge 370 is shovm in 
Figure 153 to have a linear design, the cartridge 370 may also have a carved, round, 
circular, triangular, or other configuration useful for positioning a penetrating member 
for use ^ a drive force generator. A seal 382 is associated vnih each penetrating 
member 312 in order to maintdn each penetrating member 3 12 in a sterile environm 
in cartridge 370:prior to launch. Prior to launch, seal 382 associated with the penetrating 
member 312 to be laimched is broken, hi one embodiment, a pmich (not shown) is used 
to push down on die seal 382 covering the port 376 of tiie cartridge 370, Tliis breaks the 
seal 382 and also pushes it downward, allowing the penetrating member to exit the 
cartridgewithoutcontactingtiieseal382. The timing ofthe breaking oftiie seal 382 
may be varied so long as the penetrating member remains substantiafly sterile when 
being launched towards the tissue site 320, In otha embodiments, the port 376 may 
have a seal 383 that protiudes outward and is broken offby the downward motion oftiie 

punch. One or more sample chambers 384 are included in cartridge 370. to one 
embodiment.eachpenetratmgniember312hasanassociatedsamplechamber384. to 

some embodiments, a seal 387 may be included in the sample chamber 384. Seals 382 
30 and387maybemadefiomavarietyofmaterialssuchasbutnotlimitedtometalliofoil, 

aluminum foil, paper, polymeric material, or laminates combining any oftiie above. The 
seals may also be made ofafracturable material. TTie sealsmaybemadeof amatenal 
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""rtndge 370. BncW 400 « coMgpred to bo «l™„coabte on oartrid.. , 1 
li.mno»edbypedi„g|«katopportionoflh.tap. ^lOOmay 

.3 ;-3..,^.^,^37oa„o»p,::::c*''r:r:!?™ 

Rofari.g««,topg,„,55,aplundiOr„foartn 
^Sd^a^p^^374a„«7..^oo«.o„. Ap^^o^Ji::^, 
-^3I2..«oha«ooia««M.oa*dgo370. Ea* ^o.^g „Lw 3^2 
'-»^<««-*a^.aM.p.,tf„,.Sdab.ydi^^«,^,^,3,„ A, 

«o.b„ 3,2 and each crbidgo 370. Soa, 404 is poa«„^ « ics, «,o of dijor 
^^x^po«a374a«.376.^^o,y.„,oa«.dgo37a C^.^^^ 

^e^..g.c„*erd*,o,3.6a„.ba.p»e.„»,g„e.^3,,^,^^,^ 

path ulto target tissue 320. ^ 
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The present mvention may be used with a variety of different penetrating member 
drivers. It is contemplated that these penetrating member drivers may be spring based, 
solenoid based, magnetic driver based. nanomiKcle based, or based on any other 

mechanism useful in moving a penetratiiig inonber along a path into tissue. It should be 
noted that the present invention is not limited by the type of driver used wth the 
pcaietrating member feed mechanism. One suitablepenetrating member driva for use 
wth the present invention is shown in Figure 1 . This is an embodiment of a solenoid 
type electromagnetic driver that is capable of driving an iron core or slug mounted to the 
penetrating member assembly using a direct current (DQ power supply. The 
electromagnetic driver includes a driver coil pack that is divided into three separate coib 
along the path of the penetrating member, two end coils and a middle coil. Direct 
current is altanated to the coils to. advance and retract the penetrating member. 

i^though the driver coU pack is shown with three coils, any suitable number of coils may 
be used, for example, 4. 5. 6. 7 or more coils may be used. 

Referring to the embodiment of Figure 156, the stationaiy iron housing 10 may 

contain the driver coil pack with a first coil 12 flanked by iron spacers 14 which 
concentrate the magnetic flux at the inner diameter creating magnetic poles. The inner 
insulating housing 16 isolates the penetrating member 18 and iron core 20 fiom the coils 
and provides a smooth, low Motion guide surface. The.penetrating member guide 22 
furthercentersthepenetratinginemberl8andiioncore20. Ihe penetrating member 18 
is protracted and retracted by alternating, the current between the first coil 12. the middle 
coil, and the third coil to attract the iron core 20. Reversing the coU sequence and 
attracting the core and penetrating member back into the housing retracts Ae penetrating 
member. The penetrating member guide 22 also serves as a slop fiw the iron core 20 
mounted to the penetrating member 18. 

As discussed above, tissue penetration devices which anploy spring or cam 
driving meUiods have a symmetricai or hearly symmetrical actuation displacement and 
velocity profiles on the advancanent and retraction of the penebrating member as shown 
in Figures U7 and 1 58. hi most of the available lancet devices, once the launch is 
initiated, thestored energy detemiines the velocity proffle.until the energy is dissipated. 
Controlling impact, retraction velocity, and dwell time of flie penetrating member within 
the tissue can be useful in order to achieve a high success rate while accommodating 
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as *e jK^tatag ^ ^ ^ ^ ^ ^ 

(fcSaimtiod firm patieM to padent based on am hydKIicm. 

'°*^«>>°*-»^'^abili5,toc«,olve,od.,a„cldq«hofp«^ 

be.d.»«,6y^„,,e»wab,.teedriver„l^fiedba*is»i„,eg^,^ 

„,oI^^— ^^ 
ora,5,<*„,^„ftan,j^^^^ Tto djoao* ««,ol of „A a drive, i, 
~ to 157C which in^^ ^ eo^,^ 
p«,fflc and Rgn^e I57D which an en*«dta« of a tt» eonSolled velocih, 

profih. 7h«„ „ eon-pared to Figu^s 157A and .57B. wUch jlh««to =nbodhnente of 
d^lae^ne.. and veh^Vp„a^ '=^vely, of . tan»d, 
dm,er. Fednc«, pah, o«. be achieved by nstog hnpac ve!od«es of ^ u,a„ abon. 2 
m/aenhy of ads™, peneuatog etoent such as a la^^e, into tisane 

«»b»an„»b of tt. paK^ating nienibcr driver are descnb^ in oonn^ 
"P=Kli,gU.S.P«entAppUcati»,Ser.No. 10/127^95. (AttomeyDock« No 38187 

255 1) filed April 19, 2002 and previously incoipoialed toeiiu 

figure 158 ilh«,«., fte <^.n of a feedback loop nsing .processor 60 Ih. 
TO 60 Store, profiles 62 ta „on-volaae „enK»y. A aser mp«s hrfbnnarion 64 
abon. a« desired circnn-stanoes or paran,e,ers for a lancing ev«,l Tie p,„^ «, 
sdecB a driver profile 62 fion, a se. of altemaUve driverprofil«, U». h», been 
..J^grannned ta «„= processor 60 based on .ypieal or desired fissn. 

pert^c. detenniKd Un««* testn« at Ibe facioo, or as progranuned in by the 
operator. ll»P'»cesscr60n«0.cnstonnz.byei,h»scalh,g„rn>«li^gU„p,„ae 
based on addifional nseriq„«htfdnnalion 64. Once u«,p,„cessorhas 
castonnzed tt« profile He p,^ 60 is ,e«ly ,„ ..odulato the po.ver fen. d,, pow* 

2*«^'othepe.e,ra,in8nKnnherdriva-68,h,ou6hana„,plifie,70. Thep„x«ssor 
«.mayn,easurc,helocfionof««pe„e.n,fagn.»„„,,^^^p^^ 

n^chanism 7^ .tongh an anatog to dgitol converter 76 hnear encoder or other s^ 
transducer. B™Ples of position sensing n,echanisn,shave been described in the 
embodnnenls above and may be found in the specificaUon for e«mnonly assigned 
»P=.dtag U.S. Patent AppficaSon Ser. No. WI27^95, (Attorney Docle, No 38187 
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255 1) filed April 19, 2002 and previously incoiporated herein. The processor 60 
calculates the movement of the penetrating monber by <?omparing the actual proffle of 
the penetrating member to the predetennined profile. The processor 60 modulates the 
power to the penetrating member driver 68 through a signal generator 78, which may 
5 control the amplifier 70 so that the actual velocity profile of the penetrating inembCT^^ 

not exceed the predetennined profile by more than a preset error limit. The enor limit is 
the accuracy in the control of the penetrating member. 

After the lancing evemt, the processor 60 can aUow the lisCT to rank flie results of 

* ■ ■ « * * 

the lancing event The processor 60 stores these results and constructs a database 80 for 
10 the individual user. Using the database 79, the processor 60 calculates the profile traits 

such as degree of painlesaiess, success rate, and blood vohmie for various profiles 62 
dqiendmg on user input information 64 to optimize the profile to flie individual user for 
subsequent lancing cycles. These profile traits depeud on the characteristic phases of 

penetrating member advancement and retraction. The processor 60 uses these 
15 calculations to optimize profiles 62 for each user, hi addition to user input information 
64, an internal clock allows storage in the datsAase 79 of iiifonnation such as the time of 
day to generate a time stamp for the lancing event and the time between lancmg events to 
anticipate the user's diurnal needs. The database stores infonnation and statistics for 
each user and each profile that^articular user uses. 
20 hi addition to varying the profiles, the processor 60 can be used to calculate the 

appropriate penetrating member diameter and geometry suitable to realize the blood 
volume required by the user. For example, if the user requires about 1-5 nricrom^ 

vohune of blood, the processor 60 may select a 200 micron diameter penetrating mianber 
to achieve these results. For each class of lancet, both diameter and lancet tip geometry, 

• ♦ . * 

25 is stored in the processor 60 to correspond with upper and lower limits of attainable 
blood volume based on the predetennined displacement and velocity profiles. 

The lancing device is capable of pronqiting the user for information at the 
beginning and the end of the lancmg event to more adequately suit the user. The goal is 
to either ch^ge to a different profile or modify an existing profile. Once the profile is 

30 set, the force driving the penetrating membar is varied during advanconent and 
retraction to follow the profile. The method of lancing using the lancing device 
comprises selecting a profile, lancing according to the selected profile, determining 
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lancing profile tnats for each characteristic phase of the landng cycle. optimizing 
profile traits for subsequent lancing events. 

Figurel59illuslratesanembodimentofatissuepenetiationdevice more 
specifically, alancing device 80 that includes a ^^^^^^ 

tissuep^^tion el«nent n» landng device 80 has apxoximal end 81 and a dist.1 end 
82. At the distal end 82 is the tissue penetration element in the fonn of a penetrating 

member 83. which is coupled to an elongate coupler shaft 84 by a drive coupler 85 The 
elongate coupler shaft 84 has a proximal end 86 and a distal end 87. A driver coil pack 
88 IS disposed about the elongate coupler shaft 84 proximal of the penetrating member 
^. A position sensor 91 is disposed about a proximal portion 92 of the elongate coupler 
Shaft 84 and a. electrical conductor 94 electrically couples a ^^^^ 
sensor 91. Ihe^longate coupler shaft 84 driven by the driver coil pack 88 controlled by 

lheposrtonsensor91andprocessor93fonnthecontroUabledriver,specific^^^ . 
controllable electromagnetic driver. 

ReferringtoKgurel60.thelancingdevice80canbeseenmrr.oredetairin 
partial longitudmal section: Tl^e penetrating memb^ 83 has a proximal end 95 ^d a 

distal end 96 vdth a sharpened point at tiie distal end 96 of the penetrating member 83 

andadrivehead98disposedatthepix>ximalend95ofthepene,ratingmember83 A 
penetiBting member shaft 201 is disposed between the drive head 98 and tiie shaipened 

pomt97. TteP«netratingmembershaft201maybecomprisedofstainlesssteel.orany 
othersuitablematerialoraUoyandhaveatransversedimensionofaboutO.1 toabout04 
mm. T^«P«'«tot»"gn.«i.bershaftmayhavealengfliofabout3mmtoabout50mm 
specifically.abo«tl5mmtoabout20mm. H-e drive head 98 of the penetrating member 
83 ,s an enlarged portion havmg a transverse dimension greater than a transverse 

dmiensionofthepenetratin8membershaft201 distalofthedrivehead98 This 

configurationallowsthedrivehead 98 to bemechanically captured by 

85. The dnve head 98 may have a tiransyerse dimension of about 0.5 to about 2 mm 

^™«g««ti««'ember 102. is secured to the elongate coupler shaft 84 proximal of 
the dnve coupler 85 on a distal portion 203 of the elongate coupler shaft 84 The 

niagnetic member 102 is a substantially cylindrical piece of magnetic material having an 
axialhmien204extendingthelengthofthemagneticmemberl02. Themagnetic 
member 1 02 has an outer transverse dimension that allows the magnetic member 1 02 to 
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sUde easily wikn an axid lumm 105 of a low ffiction, posably lubrid^^^ 
guide tube 105' disposed within the driver coil pack 88. The magnetic member 102 may 
have an outer transverse dimension of about 1.0 to about 5.0mm, spedficaUy, about 2.3 
to about 2.5 mm. The magnetic member 102 may haye ajength of about 3.0 to about 5.0 
5 nun, specifically, about 4.7 to about 4.9 mm. The magnetic member 102 can be made 
from a variety of magnetic materials including feritras metals such as ferrous 5teel, iro^^ 

ferrite orthelike. The magnetic member 102 may be secinred to the distal portion 203 
of the elongate coupler shaft 84 by a variety of methods including adhesive or epoiy 
bohdmg, welding, crimping or any other suitable method. 

10 Proximal of the magnetic member 102, an optical encoder flag 206 is secured to 

the elongate coupler shaft 84. The optical encoder flag 206 is configured to move within 
a slot 107 in the position sensor 91 . The slot 107 of the position sensor 91 is formed 
between a first body portion 108 and a second body portion 109 of the position sensor 
91. Theslpt 107 may have separalion.width of about 1.5 to about 2.0 mm. Theoptical 

15 encoder flag206 canhave a length of about 14 to about 18 mm, a width of about 3 to 
about 5 mm and a thickness of about 0.04 to about 0.06 mm. 

The optical encoder flag 206 interacts with various optical beams generated by 
LEDs disposed oh or in the position sensor body portions 108 and 1 09 in a 

predetamined manner. The interaction of the optical beams generated by the LEDs of 
20 the position sensor 91 generates a signal that indicates the longitudinal position of the 
optical flag 206 relative to the position sensor 91 with a substantially high degree of 
resohition. The resolution of the position sensor 91 may be about 200 to aboiit 400 

cycles per inch, specificaUy, about 350 to about 370 cycles per inch. The position sensor 
91 may have a speed response time (ppsitionAime resolution) of 0 to about 120,000 Hz, 

25 where one dark and fight stripe of the flag constitutes one Hertz, or cycle per second. The 
position of the optic^ encoder flag 206 relative to the magnetic member 102. driver coil 
pack 88 and position sensor 91 is such that tiie optical encoder 91 can provide precise 
positional information about &e penetrating member 83 over the entire length of the 
penetrating member's power stroke. 

30 An optical encoder that is suitable for the position sensor 91 is a linear optical 

incremental encoder, model HEDS 9200, manufactured by AgUent Technologies. The 
model HEDS 9200 may have a length of about 20 to about 30 mm, a width of about 8 to 
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about 12 mm. and a hdght of about 9 to about 1 1 mm. Although the position sensor 91 
illustrated is a linear optical incremental encoder, other suitable position sensor 
embodiments could be used, provided they posses the requisite positional i^olution and 
time response. Tie HEDS 9200 is a two chamiel device where the chamiels are 90 
degrees out of phase vith each other. This results in a resototion of four times the basic 
cycle ofthe flag. These quadrature outputs make itpossiT,le Ib^ 
detennine the direction of penetrating member travel. Other suitable position sensors 
inchidecapacitiye encoders, analog reflective seflsors, such as tiie reflective position 
sensor discussed above, and the like. 

A coupler shaft guide 111 is disposed towards the proximal end 81 of the lancing 
deviceSO. The guide 111 has a guide lumen 112 disposed in the guide 111 toslidingly 
accepttheproximalportion92oftheelongatecouplershaft84. The guide 1 11 keeps the 
elongate coupler shaft 84 centered horizontaUy and verticaUy m the slot 102 of the 
Optical encoder 9 L 

15 The driver coil pack 88, position sensor 91 and coupler shaft guide 1 1 1 are all 

secured to a base 1 13. The.base 1 13 is longitudinally coextensive with the d^^^ 

pack 88,position sensor91 andcoupler shaft guide 111. The base 113 can take theform 

ofarectangularpieceofmetalorpolymer,ormaybeamoreelaboratehousmgwith 
-Wei a- configured to accept the various components of the 1^^^^ 

20 80. 

As discussed above, the magnetic member 102 is configured to sUde within an 
»aallumenl05ofthedriv«rcoilpadc88. H^e driver coil pack 88 includes a most distal 
first cod 1 14. a second coil 1 15, which is axially disposed between the first coa ^ 
ath,rdcorl ll6.and aproximal-mostfour.hcoilll7. Each of fl.e first coU 114, second 
.5 -^115.thirdcoilll6andfourthcoilll7hasanaxiallmnen.ll,eaxiall^^ 

first through fourth coils are configured to be coaxial with the axial lumens of the other 
coils and together fom, the axial lumen 105 of the driver coil pack 88 as a whole 

AxiaUy adjacent each of the coils 11 4-1 1 7 is a magnetic disk or washer 1 1 8 tiiat 
augnients conjpletion of the magnetic circuit of the coils 1 14-1 1 7 during a lancing cycle 

0 «^*hedevice80.Themagneticwashersll8oftheembodu„entofFigure5axemadeof • 
ferrous steel but could be made of any other suitable magnetic material, such as iron or 
femle. The outer shell 89 of the driver coil pack 88 is also made of iron or steel to 
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complete the magnetic path around the coils and betwera the washers 118. The magnetic 
washers 118 have an outer diameter commensurate with an outer diameter of the driver 

■ ■ ' * . • 

coil pack 88 of about 4.0 to about 8^0 mm. The magnetic washers 118 have an axial . 
thickness of about 0.05, to about 0.4 mm, specifically, about 0.15 to about 0.25 n^ 
5 Wrapping or winding an. elongate electrical conductor 121 about an axial lumen 

until a sufficient number of windings have been achieved forms the coils 1 14-117. The 
elongate electrical conductor 121 is geaerally an insulated solid copper wire with a small 
outer transverse dimension of about 0.06 mm to about 0.88 nam, specifically, about 0.3 
nam to about 0.5 mm. In one embodiment, 32 gauge copper wire is used for the coils 
10 1 14^1 17. The number of windings for each of the coils 1 14-1 17 of the driver pack 88 
may vary with the size of the coU, but for some embodiments eaich coil 1 14-1 17 may 
have about 30 to about 80 turns, specifically, about 50 to about 60 tutns. Each coil 1 14- 

• • ■ . ■ • • • 

1 17 can have an axial length of about . 1.0 to about 3.0 mm, specifically, about 1.8 to 
.about 2.0 nun. Each coil 1 14-1 17 can have an outer transverse dimension or diameter of 
15 about 4.0, to ai>out 2.0 nam, spedfically, about 9.0 to about 12.0 mm. The axial lum^ 

■ • * 

105 can have a transver^e. dimension of about 1 .0 to about 3.0 mm. 

* 

It may be advantageous in some driver ctul 88 embodiments to replace one or 
more of the coils with permanent magnets, which produce a magnetic field similar to that 

■ ■ ' * 

of the coils when the coils are activated. In particular, it may be desirable in some 
20 embodiments to replaice the second coil 1 15, the third coil 116 or both with permanent 
magnets. In addition, it may be advantageous to position a permanent magnet at or near 
the proximal end of the coil driver pack in order to provide fixed magnet zeroing 
fimction for the magn^c member (Adams magnetic Products 23A0002 flexible magnet 
material (800) 747^7543). 
25 Figure 162 shows an embodiment of the characteristic, phases of penetrating 

* 

member advancement and retraction on a graph of force versus tinie illustrating the force 
. exerted by the penetrating member driver on the penetrating member to achieve the 
desired displacement and velocity profile. The characteristic phases are the penetrating 
member introduction phase A-C where the penetrating member is longitudinally 
30 advanced into the skin, the penetrating member rest phase D where the penetrating 

. * • 

ft 

member terminates its longitudinal movement reaching its maximum depth and 
becoming relatively stationary, and the penetrating member retraction phase E-G where 
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fte penetrating member is longitudinaUy retracted out of the skin. The duration of the 
penetrating member retraction phase E.G is longer than the duration of the penetratmg 
member introduction phase A-C, which in turn is Itmger than the dilation of flie 
penetrating member rest phase D. 

The mtroduction phase further con^rises a penetrating member la^^ 
prior to A when the penetrating member is longitudinally moving through air toward the 
skin, a tissue contact phase at the beginning of A when the distal end of the penetrating 
member makes initial contact with the skin, a tissue deformation phase A when the skin 
bends depending on its elastic properties which are related to hydration and thickness, a 
tissue lancing phase which comprises when the penetrating member hits the inflection 

point on the ston and begins to cut the skin B and the penetratmg member continuK^ 
cuttmg the skin C. The penetrating member rest phase D is the limit of the perietration of 

% penetrating member into the skm. Pain is reduced by minimizing the du^^^ 
penetrating member introduction phase A-C so that there is a fest incision to a certain- 
penetration depth regardless of the duration of the deformation phase A and inflection 
point cutting B which will vary from user to user. Success rate is increased by 
measuring the exact depth of penetration from inflection pomt B to the limit of 
penetration in flie penetrating member rest phase D. This measurement allows tire 
penetiating member to always, or at least reliably, hit the capillary beds whidi are a 
known distance undemeafli the surface of the skin. 

The penetrating member retraction phase further comprises a primary retraction 
phase E when the skin pushes the peoefrating member out of the wound tracV a 
secondary retraction phase F when the penetrating member starts to become dislodged 
and pulls in the opposite direction of the skin, and penetrating member exit phase G 
when the paretratiiig member becomes free of the skin, ftimary retraction is the result 
of exerting a decreasing force to pull the penetrating m«nber out of tiie skin as the 
penetrating member pulls away from the finger. Secondary retraction is the result of 
exerting a force in the opposite direction to dislodge the penetrating member. Control is 
necessary to Jceep the woimd tract opm as blood flows up the wound tract Blood 
volume is increased by using a unifomi velocity to retract tiie penetrating member during 
the penetiating member retraction phase E-G regardless of the force required for the 
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primary retraction phase E or secondary retraction phase either of which may vary \ 
from user to user depending on the properties of the user's skin. 

Figure 163 shows another embodiment of displacement versus timeprojfiie of a 
penetrating member for a controlled penetrating member retraction. iFigure 1 64 shows 
5 the velocity vs. time profile of the penetrating member for the controlled retraction of 
Figure 163. The penetrating member driver controls penetrating member displacenient 
and velocity at several steps in the lancing cycle, including when the penetrating member 
cuts the blood vessels to allow blood to pool 2130, and as the penetrating member 
retracts, regulating the retraction rate to allow the blood to flood the wound tract while 

1 0 keeping the wound flap from sealing the chanuel 2.1 32 to peimit bipod to exit the wound. 

The tenting process and retrograde motion of the penetrating member during the 
landng cycle is ilhistrated graphically in Figure 165 which shows botl^ a velocity versus 
time graph and a position versus time graph of a penetrating memb^ tip during a lancing 
cycle that includes elastic and inelasfic tenting. In Figure 165, from point 0 to point A, 

1 5. the penetrating member is being accelerated from the initialization position or zero 
position. From point A to point B, the penetrating member is in balhstic or coasting 
mode, with no additional power bemg dehvered. At point B, the penetrating member tip 
contacts the tissue and begins to tent the skin until it reaches a displacement C. As the 
penetrating member tip approaches maximum displacement, braking force is ^plied to 

20 the penetrating member until the penetratuig member comes to a stop at point D. The 
penetrating member then recoils ia a retrograde direction during the settling phase of the 
lancing cycle indicated between D and E. Note that the magnitude of inelastic tenting 
indicated in Figure 165 is exaggerated for purposes of illustration. 

The amount of inelastic tenting indicated by Z tends to be fairly consistent and 

25 small compared to the inagpaitude of the elastic tenting. Generally, the amount of 
inelastic.tenting Z can be about 120 to about 140 microns. As the magnitude of the 
melastic tenting has a fairly constant value and is small compared to the magnitude of the 
elastic tenting for most patients and skin types, the value for the total amount of tenting 
for the peneti;ation stroke of the penetrating member is effectively equal to the rearward 

30 displacement of the penetratmg member during the settling phase as measured by the 
processor 193 plus a predetermined Value for the inelastic recoil, such as 130 microns, 
hielastic recoil for some embodiments can be about 1 00 to about 200 microns. The 
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abihty to measure the magnitude pf skin t«iting for a patient is important to controlling 
the depth of penetration of the penetrating member tip as the skin is generally known to 
vary in elasticity and other parameters due to ag^ time of day, level of hydration, gender 
and pathological state. 

5 This value for total tenting for the landng cycle can then be used to determine the 

various characteristics of the pati«fs skin. Once a body of tenting data is obtained for a 
giv«i patient, this data can be analyzed in order to predict the total penetrating member 

. displacement, fiom the point of skin contact, necessary for a success&Uan^^^^ 

procedure. This enables the tissue penetration device to adiieve a high success rate and 
10 minimizepain for the user. A rolling average table can be used to collect and store the 
tentingdataforapatientwithapointertothelastenhyinlhetable: When anew entry is 

input, it can replace the enhy at the pointer and the pointer advances to the next value. ^ 
When an average is desired, all lhevahies are added and the sum divided by the total 

number ofentries by the processorl93. Similar techniques involving exponenh-al decay 
15 (multiply by .95, add 0.05 times current vahie,etc:) are also possible. 

With regard to tenting of ddn generally, some typical vahies relating to 
penetration depth are now discussed. Figure 166 shows a cross sectional view of the 
layers of the sMiL In order to reliably obtain a useable sanq,le of blood fiom the skin, it 
is desirable to have the penetrating member tip reach the venuolar plexus of the skin. ' 
[) The shatum comeum is typically about 0.1 to about 0.6 mm tiuck and tiie distance from 

the top of the dermis to the venuole plexus can be from about 0.3 to about 1 .4 mm. 
Elastic tenting can have a magnitude of up to about 2 mm or so, specifially. about 0.2 to 
about 2.0 mm, with an average magnitude of about 1 mm. This means that the amount 
of penetrating member displacement necessary to overcome the tenting can have a 
magnitude greater than the thickne^ of skin necessary to penetrate in order to reach the 
venuolar plexus. The total penetrating member displacanent from point of initial skin 
contact may havean average value of aboutl.Ttoabout 2.1 mm. hi some embodiments., 
penetration depth and maximumpenetratoon depth may be about 0.5 mm to about S mm ' 
specifically, ^bout 1 mm to about 3 mm. In some embodiments, a maximmn penetration 
dq)th of about 0.5 to about 3 mm is use&l. 

hi some embodiments, the penetrating member is withdrawn with less force and a 
lower speed than the force and speed during the penetration portion of the operation 
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cycle. Withdrawal speed of the penetrating member in some embodiments can be about 
0.004 to about 0.5 m/s. specifically, about 0.006 to about 0.01 m/s. In other 
embodiments, useful.withdiawal velocities can be about 0.001 to about 0.02 meters per 
second, specifically, about 0.001 to about O.Ol meters per second. For embodiments that 
use a relatively slow withdrawal velocity compared to the penetration velocity, the 
withdrawal velocity may up to about 0.02 meters per second. For such embodiment^ a 
ratio of the average penetration velocity relative to the average withdrawal velodfy can 
be about 100 to about 1000. In embodiments where a relatively slow withdrawal 
velocity is not important, awittidrawal velocity of about 2 to about 10 Meters per second 

may be used. 

Another example of an embodiment of a velocity profile for a penetrating 
member can be seen in Figures 167 and 168, which illustrates a penetrating member 
profile with a fast entry velocity and a slow withdrawal velocity. Figure 167 iUustrates 
an embodnnent of a lancing profile showing velocity of the penetrating member versus 
position. Ihe lancing profile starts at zero time and position and shows acceleration of 
the penetrating member towards the tissue from the electromagnetic force generated 
ftom the electromagnetic driver, At point A, the power is shut off and the penetrating 
member begins to coast until it reaches the skin indicated by B at which point, the 
velocity begms to decrease. At point C, the penetrating manber has reached maximum 
displacement and setUes momentarily, typically for a time of about 8 milliseconds. 

A retrograde witiidrawal force is then imposed on the penetrating member by the 
controllable driver, which is controlled by the processor to maintain a withdrawal 
velocity of no more than about 0^006 to about 0.01 meters/second. The same cycle is 
fllustrated m the velocity versus time plot of Figure 1 68 where the penetrating member is 
accelerated fiom the start point to point A. The penetrating manber coasts from A to B 
where the penetrating member tip contacts tissue 233, The penetating member tip then 
penetrates the tissue and slows with braking force eventually applied as the maximum 
penetration depfli is approached. The penetiating member is stopped and settiing 
between C aad D. At P, the withdrawal phase begins and the penetrating member is 
slowly withdrawn until it returns to the initiaUzation point shown by E inFiguire 168. 
Note that retrograde recoil fiom. elastic and inelastic tenting was not shown in the lancing 
profiles of Figures 150 and 151 for purpose of illustration and clarity. 
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In another embodiment, the vrfthdmwal phase may use a dua ^^^^ 
the slow .006 to .01 meter per second speed used untU the penetrating member is 
^viftdrH^ past the contact point with the tissue, then a faster speed of .01 to 1 meter, per 
second may be used to shorten the complete cycle. 

Referring now to Figure 1 69. the number of penetrating member, remaining in 

the cartridge 1210 may be determined using a variety of devices. The cartridge 1210 
may have markings or notches 1212 detectable by device 1214 which will keep count of 

the number of penetrating members used. In other embodiments, a processor 1216 will 

track the number of actuations and use that number to detemiine flie number of 
penetrating members that remain unused in the partridge 1210. In such a configuration 
theprocessor 1216 may assume that a new cartridge 1210 will c«mtainX number of 

peneti^tingmembersandeachactizationwillreducethemmaberofunusedpenetrating 
members. Each time a new cartridge 12 10 is loaded, the processor will assume that there 
are a full X number penehating members available. Theprocessor 1216 may also be 

coupled to the device 1214 to determine when the cartridge 1210 is rotated Figure 115 

also shows in phantom U,at a display 12 1 8 may also be included to show the numb^ of 
penetratmg m«nbers remaining or other applicable variables to spring-based penetrating 
member driver 1220 as disclosed in commonly assigned, copending U.S. Patent 
Application Ser. No. 10/10/335.215 (Attorney Docket No. 38187-2634) filed December 
31. 2002. The device may include a slider for rotating the cartridge 1210 as shown in 
Figure 56A and/or buttons to adjust settings on the display. As seen m Figure 1 15. a 
pluager 1222 (shown in phantom) may be extended to protrude outward fiom a re^ 
portion of the housing. 

While the invention has been described and illustrated with reference to certain 
particolat embodiments thereof those skilled in tiie art will appreciate that various 
adaptations, changes, modifications, substitutions, deletions, or additions of procedures 
and protocols may be made without departing from the spirit and scope of the invention 
For example, with any of the above embodiments, the location of the penetrating 
member driVQ device may be varied, relative to the p«.etiating members or the cartridge ^ 
With any of the above embodhnents, the penetrating member tips may be uncovered 
during actuation (i.e. penehating members do not pierce the penetrating member 
enclosoreorprotectivefoildminglaunch). With any of the above embodiments the 
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penetrating members may be a bare penetrating member dumg With any of the 

above embodiments, the penetrating monbers maybe bare penetrating members prior to 
launch as this may aUow for significantly tighter densities of penehrating membeacs. hi 
some embodiments, the penetrating members may be bent, curved, textured, shaped, or 
5 otherwise treated at a proximal end or area to facilitate handling by an actuator. The 
penetratiiig member may be configiured to have a notch or groove to facilitate coupling to 

a grippea-. The notch or groove may be formed along an elongate portion of the 
penetrating member. With any of the above embodimoits, the cavity may be oatiie 
bottom or the top of the cartridge, with the gripper on the other side. In some 
10 embodiments, analyte detecting members may be printed on the top, bottom, or sidie of 
the cavities. The front end of the cartridge maybe in contact with a user during lancing- 
The same driver may be used for advandng and retraction of the penetrating member. 
The penetrating member may have a diameters and length suitable for obt^^ 

blood vohmies described herein. The penetrating member driver may also be in 

15 substantially the same plane as the cartridge. The driyer inay use a through hole or other 
opening to engage a proximal end of a penetrating member to actuate tiie penetrating 
member along a path into and out of the tissue. 

Any of the features described in this application or any reference disclosed hcareiii 
may be adq)ted for use with any embodiment ofthepresmt invention. For example, the 

20 devices of the present invention may also be combined for use with injection penetrating 
members or needles as described in commonly assigned, copending U.S. Patent 
Application Ser. No. 10/127,395 (Attorney Docket No. 381 87-2551) filed April 19> 
2002. An analytedetecting member to detect the presence of foil may also be included 
in the lancing ^aratus. For example, if a cavity has been used before, the foil or 

25 sterility barrier wiU be punched. The analyte detecting member can detect if the cavity is 
fresh or not based on the status of the barrier. It diould be understood that in optional 
ranbodiments, thesteriUtybafriCTmaybe designed to pierce a sterility baniw of 
thickness that does not dull a tip of the penetrating member. The landiig apparatus may 
also use impooyed drive mechanisms. For cacamplei a solenoid force generator may be. 

30 unproved to try to increase the amount of force the solenoid can generate for a given 
current. A solenoid for use with the present invention may have five coils and in the 
present embodiment the slug is roughly the size of two coils. One change is to increase 
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unve technologies. 

Stmiurtheroptioiul features may be included with the prese^^ For 
exanpK with any of the above embodiments, th, locaUon of the penetrating memb* • 

dnvedev,cemaybevaried,relativetothepenetratbgmanb«sorthecartrid^ With 
any of the abpve embodiments, the penetrating member tips may be uncovered during 

actuaton(i.ap«.etratingmembersdonotpiercethepenetratingme^^^^ 
protective foil during Wh). The penetrating membe.. may be a bare penetrating 
member during launch, h. some embodiments, the penetrating member may be a patent 
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needle. The same driver may be used for advancing and retraction of the penetrating 
meanbCTi Diffetoit analyte detecting members detecting differrait ranges of glucose 
concentration, different analytes, or the like may be combined f^^ 
penetrating member. Non-potentiometric measurement techniques may also be used for 
5 analyte detection. For example, direct electron transfer of glucose oxidase molecules 

adsorbed onto carbon nanotube powder nriaoelectrode may be used to measure glucose 
levels. In some embodiments, flie analyte detecting members may formed to flush with 
the cartridge so that a "well" is not formed, hi some other embodiments, the analyte 
detecting members may formed to be substantially flush (within 200 microns or 100 
0 micarons) with the cartridge surfeces. In all methods, nanoscopic wire growth can be 
carried out via chemical vapor depositipn<CVD). hi all of the embodiments of tiie 
invention, preferred naiioscqpic wnes may be nanotubes. Any method usefiil for 
depositing a glucose oxidase or other analyte detection material on a nanowire or 

nanotube may be used with the present invention. Additionally, for some embodhnents, 
15 any of tile cartridge shown above may be Configured without any of the penetrating 
members, so that the cartridge is simply an analyte detecting device. Still further, the 
indexing of the cartridge may be such that adjacent cavities may not necessarily be used 
seriafly or sequentially. As a nonlimiting example, every second cavity may be used 
sequentiaUy, which means that the cartridge will go through two rotations before every 
20 or substantially all ofthe cavities are used. As another nonUmiting example, a cavity 
that is 3 cavities away, 4 cavities away, or N cavities away may be the next one used. 
This may allow for greater separation between cavities contaming penetrating members 
that were just used and a besb penetrating metahei to be used next. It shoiild be 
understood that flie spring-based drivers shown in the present invention (Figures 98-1 12) 
25 maybe adapted for use with any of the cartridges shown herein such as, but not limited 
to, those shown in Rgurra 61 and 62. These qpring-based drivers may also be paired 
with gripper blocks that are configured to penetrate into cadges that Mly seal 
praietrating member therein, in order engage those penetrating members. The start and 
end pbsitions ofthe penetrating members may also be the same. The penetrating 
30 members may be pariced in a holder before achiation. and in some embodiments, into a 
holder after actuation (as seen in cartridge 500 or any other cartridge herein). 

Embodiments of the present invention may also include guides which provide lateral 
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constraintsaiid/orverticalconstrainteaboutp«,eta^^ These constraints may 

be positioned about the shaft portions of the penetrating membe^^ For any of the 
embodiments hwdn, they may be configured to provide the various velocity profiles 
described. 

This application cross-references commonly assigned copending U.s! Patent 

Applications Sar. No. 10/323,622 (Attorney Docket No. 38187-2606) filed December .18, 
2002; commonly assigned copending U.S. Patent Applications Ser. No, lQ/323.623 ' ' 

(Attorney DpcketNo. 38187-2607) filedDecember 18, 2002; and commonly aligned • 

copending US. Patent Applications Ser. No. 10/323,624 (AttomeyDocket No. 38187- 

2608) filedDecember 18, 2002. This application is also related to commonly assigned . 

copending US. Patent Applications Ser. Nos. 10/335,142, 10/335,215, 10/335,258 
1^335,099, 10/335,219. 10/335,052. 10/335,073. 10/335.220. 10/335^2. 10/335^8. 

10/335.211. 10/335.257. 10/335.217. 10/335.212. and 10/335.241. 10/335,^^ 

(AttomeyDodcetNos. 38187-2633 through 38187-2652) filedDecember 31. 2002. This 
15 ari>Ucation is also a continuation-in-part of commonly assigned, copending US. Patent 

Application Ser. No. 10/425,815 (AttoriieyDocketNo. 38187-2663) filedMay 30.2003. 
This application is a continuation-in-part of commonly assigned, copending US. Patent 
Application Ser. No. 10/323.622 (AttomeyDocketNo. 38187-2606) filed on December 
1 8, 2002, which is a continuation-in-part of commonly assigned, copending U.S. Patent 
20 Application Ser. No. 10/127,395 (AttomeyDocketNo. 38187-2551) filed April 19, 

2002. ™sappUcation is also a continuation-in-part ofcommonly assigned, copending 
US. Patent Application Ser. No. 10/237.261 (Attorney Docket No. 38 1 87^2595) filed 
September 5, 2002. This application is fiirther a continuation-in-part of commonly 
asagned..cop«iding US. Patent Application Ser. No. 10/420.535 (Attorney Docket No. 
38187-2664) filed^ril 21. 2003. This appKcation is fiirther a continuation-in-part of 
commonly assigned, copending US. Patent Application Sex. No. 10/335.142 (Attorney 
Docket No. 38187-2633) filed December 31. 2002. This application is fiuther a 
continuation-in-part of commonly assigned, copending US. Patent Application Ser. No. 
10/423.851 (AttomeyDocketNo. 38187-2657) filedApril24,2003. This application 
0 also claims the boiefit of prioiity fiom commonly assigned, copending U.S. Provisional " 
Patent Application Ser. No. 60/422.988 (AttomeyDocketNo. 38187-2601) filed 
November 1. 2002; commonly assigned, copending US. Provisional Patent Application 
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Ser. No. 60/424,429 (Attorney Docket No. 38187^2602) filed November 6, 2002; and 
commonly assigned, copending U.S. Provisional Patmt AppUcation Ser. No. 60/424,429 
(Attorney Docket No. 38187-2604) filed November 20, 2002. All applicatioiis listed 
above are incorporated herein by reference for all purposes. 

The publications discussed or cited herein are provided solely for their disclosure 
prior to the filing date of the present application. Nothing herran is to be construed as an 
admission that the present invention is not entitled to antedate such publication by virtue 
of prior invention. Further, the dates of publication provided may be different fiona the 
actual publication dates which may need to be independently confinned. All 

pubUcations mentioned herein are incoipbrated herein by reference to disclose and 
describe the structures and/or methods in connection with which the publications are 

♦ ' - 

cited. 



Expected variations or differences in the results are contemplated in accordance 
with the objects and practices of the present invention. It is intmded,; therefore, that the 
15 invention be defined by the scope of the claims which follow and that such claims be 

■ 

inteipreted as broadly as is reasonable. 
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. WHATBCIjUMEDiS: 

1. A device comprising: 
a needle; 

a fluid path within said needle; and 
. a penetrating member driver stmctu,^ to ^^^^^ 

into tissue. 



10 



2. Adeviceforfluiddelivayintoananatomicalfeatuieisprovided, 
said device comprising: ' 

a cartridge having a plurality of cavities; 

a pluraUty of penetratiiig members each at least partially contained m^ 
cavit.es of the cartridge wherein the penetrating members are slidably movable to extend 

outward fiomopenmgs on said cartridge to penetrate tissue- 

wherein each of said penetrating members comprises a needle with a 
lumen coupled to a canister contamng a material to be injected. 

wherein said penetrating members each 
have s tip, wherein at least one tip has a startingposition hi said chamber. 

4. The device of claim 1 wherein said cartridge comprises a disc. 

5. The device of claim 1 wherein each canister contains a plurahty of 
materials to be injected. 

6. A penetrating member driver for use with a device according to 

claim 1. 

7. The device of claim 1 wherem the canister is coHapsible to inject 
material into an anatomical stroctore. 

8. A method of body fluid samphng comprismg: 

25 ™°^««P^«^^g member at confonning to a selectable velocity 

. profile or mixtion waveform; 

usmg patent needle With an electronically controlled driver, 
pulling back on a phmger to draw fluid through the needle from the 

patient. 
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9. The method of claiin 1 wherem the penetrating member trajectory 
waveform contains a stationary portioiL 

1 0. A device for body fluid sampling usable with a cartridge housing a 
plurality of penetrating members, the device comprising: 

5 . ahousing; 

a penetrating member driver coupled, to said houdng and for use with said 

cartridge; 

a processor for controlling said penetrating member driver to move at 
least one of said penetrating members at velocities which confomi with a selectable 

10 velocity profile; 

where said penetrating member comprises a patent needle having a . 

• • » ♦ 

plimger niovable to draw fluid into the needle, 

11. The device of claim 10 comprising a window allowing a user to 
see the cartridge while the cartridge is in said housing, 

15 12. lliedevice.of claim 10 comprising display showing device status. 

13. The device of claim 10 comprising display showing lancing 

performance. 

14. The device of claim 10 comprising display showing lancing 

parameters. 

20 15. The device of claim 10 comprising a single button for actuating 

■ • - • 

said penetratiiig member drivCT along an inbound path into tissue and then an outbound 
path out of the tissue. 

16. The device of claim 10 wherem said penetrating member driver 
moves an active one of said penetrating members along a velocity profile that reduces 

25 initial pain and residual pain to levels below that of known devices. 

17. The device of claim 1 0 wherein said penetrating member (hiver 
moves an active one of said penetrating members along a velocity profile that reduces 
initial pain and residual pain to levels at least 1 .5 times less than that of known devices. 



wo 2004/1075)75 

PCmJS20M/017320 



107 

18. Thedeviceof claim lOwheremsaidpenetratingmeinbeTd^^^ 
moves an active one of said pepetrating members along a velocity profile that reduces 

i^dual pain talevels at least 2 times less than that of known devices 
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